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1.0 | NTRODUCTI ON

1.1 BACKGROUND AND AUTHORI TY OF STANDARDS
Standards of performance for new stationary sources are
establ i shed under Section 111 of the Clean Air Act (42 U.S.C.
7411), as anended, herein referred to as the Act. Section 111
directs the Admnistrator to establish standards of perfornance
for any category of new stationary source of air pollution that
"causes, or contributes significantly to air pollution which may
reasonably by anticipated to endanger public health or welfare.™
The Act requires that standards of perfornmance for
stationary sources reflect "the degree of em ssion reduction
achi evabl e which (taking into consideration the cost of achieving
such em ssion reduction, and any nonair quality health and
envi ronment al inpact and energy requirenents) the Adm nistrator
determ nes has been adequately denonstrated for that category of
sources." The standards apply only to stationary sources, the
construction or nodification of which commences after regul ations
are proposed by publication in the Federal Register.

St andards of perfornmance, by thensel ves, do not guarantee
protection of health or wel fare because they are not designed to
achi eve any specific air quality levels. Rather, they are
designed to reflect the degree of emssion |imtation achievable
t hrough application of the best adequately denonstrated
t echnol ogi cal system of continuous em ssion reduction, wth the
cost of achieving such em ssion reduction, any nonair quality
heal th and environnental inpacts, and energy requirenments being
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consi der ed.

Pronul gati on of standards of performance does not prevent
State or | ocal agencies fromadopting nore stringent em ssion
[imtations for the same sources. States are free under Section
116 of the Act to establish even nore stringent emssion limts
t han those established under Section 111 or those necessary to
attain or maintain the National Anbient Air Quality Standards
(NAAQS) under Section 110. Thus, new sources may in sonme cases
be subject to limtations nore stringent than standards of
performance under Section 111.

Al t hough standards of performance are normally structured in
terms of nunerical emssion limts, where feasible, alternative
approaches are sonetinmes necessary. |In sone cases physi cal
measur enent of em ssions froma new source may be inpractical or
exorbitantly expensive. Section 111(h) provides that the
Adm ni strator may promul gate a design or equi pnent standard in
cases where it is not feasible to prescribe or enforce a standard
of performance. For exanple, em ssions of hydrocarbons from
storage vessels for petroleumliquids are greatest during tank
filling. The nature of the em ssions--high concentrations for
short periods during filling and | ow concentrations for |onger
periods during storage--and the configuration of storage tanks
make direct em ssion neasurenent inpractical. Therefore,
equi pnent specification has been a nore practical approach to
standards of performance for storage vessels.

In addition, Section 111(j) authorizes the Admnistrator to
grant waivers of conpliance to permt a source to use innovative
conti nuous em ssion control technology. |In order to grant the
wai ver, the Adm nistrator nmust find that the technol ogy neets a
specific set of conditions. Wiivers may have conditions attached
to assure that use of the innovative technology will not prevent
attai nment of any NAAQS. Any such condition will have the force
of a performance standard. Finally, waivers have definite end
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dates and nay be termnated earlier if the conditions are not net
or if the systemfails to performas expected. |In such a case,
the source nay be given up to 3 years to neet the standards with
a mandat ory progress schedul e.

1.2 SELECTI ON OF STATI ONARY SOURCES

The Cean Air Act anmendnents of August 1977 establish
specific criteria to be used in determning priorities for
regul ati ng source categories. These are (1) the quantity of air
pol |l utant em ssions that each such category will emt, or will be
designed to emt; (2) the extent to which each such pollutant may
reasonably be anticipated to endanger public health or welfare;
and (3) the nobility and conpetitive nature of each such category
of sources and the consequent need for nationally applicable new
source standards of perfornmance.

After the source category has been chosen, the types of
facilities within the source category to which the standard w ||
apply nust be determ ned. A source category may have severa
facilities that cause air pollution, and em ssions from sone of
these facilities may vary frominsignificant to very expensive to
control. Econom c studies of the source category and of
appl i cabl e control technol ogy may show that air pollution control
is better served by applying standards only to the nore severe
pol lution sources. For this reason, and because there is no
adequat el y denonstrated systemfor controlling em ssions from
sone types of facilities, standards often do not apply to al
facilities at a source. For the sane reasons, the standards may
not apply to all air pollutants emtted. Thus, although a source
category may be selected to be covered by a standard of
performance, not all pollutants or facilities within that source
category may be covered by the standards.

1.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORVMANCE

St andards of performance nust (1) realistically reflect best

denonstrated control practice; (2) adequately consider the cost,
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the nonair quality health and environnental inpacts, and the
energy requirenents of such control; (3) be applicable to

exi sting sources that are nodified or reconstructed, as well as
new i nstallations; and (4) neet these conditions for al

vari ations of operating conditions being considered anywhere in
the country. The objective of a programfor devel opi ng standards
is toidentify the best technol ogical system of continuous

em ssion reduction that has been adequately denonstrat ed.

As a part of the studies, hypothetical "nodel plants" are
defined to provide a common basis for analysis. The nodel plant
definitions, national pollutant em ssion data, and existing State
regul ati ons governi ng em ssions fromthe source category are then
used in establishing "regulatory alternatives.”" These regulatory
alternatives are essentially different |levels of em ssion control
applicable to the source.

The EPA conducts studies to determ ne the inpact of each
regul atory alternative on the economcs of the industry and on
t he national econony, on the environnment, and on energy
consunption. From several possibly applicable alternatives, the
EPA sel ects the single nost plausible regulatory alternative as
the basis for a standard of performance for the source category
under study. |In the final phase of a project, the selected
regul atory alternative is translated into a standard of
performance, which, in turn, is witten in the formof a Federal
regul ation. The Federal regulation, when applied to newy
constructed plants, will limt emssions to the |levels indicated
in the selected regulatory alternative. The information acquired
in the project is sunmarized in the Background Information
Docunent (BID).

A "proposal package" is assenbled and sent through the
of fices of EPA Assistant Adm nistrators for concurrence before
t he proposed standard is officially endorsed by the EPA
Adm nistrator. After being approved by the EPA Adm ni strator,
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the preanbl e and the proposed regul ation are published in the
Federal Regqister.

As a part of the Federal Register announcenent of the

proposed regul ation, the public is invited to participate in the
standard-setting process. The EPA invites witten coments on
t he proposal and al so holds a public hearing to discuss the
proposed standards with interested parties. All public coments
are summari zed and incorporated into a second vol une of the Bid.
Al information reviewed and generated in studies in support of
the standard of performance is available to the public in a
"docket" on file in Washi ngton, DC

Comrents fromthe public are evaluated, and the standard of
performance may be altered in response to the cooments. The
significant comments and the EPA' s position on the issues raised
are included in the "preanble" of a "promul gati on package," which
al so contains the draft of the final regulation. The regulation
is then subjected to another round of review and refinenent until
it is approved by the EPA Adm nistrator. After the Adm nistrator
signs the regulation, it is published as a "final rule"” in the
Federal Register.
1.4 COST CONSI DERATI ONS

Section 317 of the Act requires an econom c i npact

assessnent of any standard of performance established under
Section 111. That assessnent nust include anal yses of the costs
of conpliance, potential inflationary or recessionary effects,
smal | busi ness inpacts, effects on consuner costs, and effects on
energy usage. The analysis should include any costs associ ated
with environnental effects of a regulation. For exanple,
captured potential air pollutants nmay pose a solid waste disposal
probl em
1.5 ENVI RONMENTAL | MPACTS

The EPA routinely prepares estimtes of environmental
i npacts for regulatory actions under Section 111 of the Act.
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This analysis is devoted to assessing potential environnental
i npacts of a standard and addresses both adverse and benefi ci al
i npacts. These inpacts could occur in such areas as air and
wat er pollution, increased solid waste disposal, and increased
energy consunption. Estinmates of the inpacts of the NSPS are
presented in a separate chapter of this Background I nformation
Docunent .
1.6 | MPACT ON EXI STI NG SOURCES

St andards of performance under Section 111 of the Act apply
to "new sources" which are defined as "any stationary source, the
construction or nodification of which is comenced" after the
proposed standards are published. An existing source is
redefined as a new source if "nodified" or "reconstructed" as
defined in the general provisions of Subpart A of 40 CFR Part 60.
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2.0 | NDUSTRY DESCRI PTI ON

The purpose of this chapter is to briefly describe and
characterize the Synthetic O ganic Chem cal Manufacturing
| ndustry (SOCM ). The chapter al so di scusses chem cal production
processes (CPP's) that are considered a part of SOCM and
descri bes waste and wastewater generation and handling. The
di scussion presented here is a summary of information in the
Background I nformati on Docunent for the Hazardous Organi c NESHAP
(HON)! and the reader is referred to that docunent for a nore
detail ed di scussi on.

2.1 DESCRI PTION OF SOCM

The SOCM is one segnent of the entire chem cal industry and
can be represented as an expandi ng system of production stages
producing a nmultitude of organic chemcals from 11l basic
chemcals. The first stage of the chem cal industry which
supplies the 11 basic chem cals includes refineries, natural gas
pl ants, and coal tar distillation plants. The SOCM consists of
the remai ning stages of this expanding production system Wthin
the SOCM, the 11 basic chem cals are processed through one or
nmore CPP's to produce internediate and finished chem cal s.

Wthin the SOCM, there are often multiple nmeans of
manufacturing a given chemcal. For exanple, the production of
allyl alcohol is possible using three different raw nmateri al s.
Also, an entire famly of chem cals can often be produced
sequentially fromone chemcal. GCenerally, there is a shift from
hi gh-vol unme production of SOCM internediates at the front end of
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the chemcal famly to | ow vol unme production of finished
chemcals (e.g., ethyl acrylate) at the farthest end of the
chemcal famly. Al of these production processes, regardless
of capacity, are considered a part of SOCM if they generate
wast ewat er and woul d be subject to regul ati on under the NSPS for
wast ewat er .

Organic chem cals are produced at a w de range of
facilities, fromlarge facilities manufacturing a few chem cal s
in large volunes, to smaller facilities manufacturing many
different finished chemcals in smaller volunes. Facilities
produci ng chem cals at the end of a chemcal famly are usually
smal | er operations that produce a variety of closely-related
fini shed chem cal s.

The products of the SOCM are used in many different
i ndustrial markets. Many SOCM chem cals serve as the raw
materials for deriving non-SOCM products such as plastics,
synthetic rubbers, fibers, protective coatings, and detergents.
Few SOCM chem cal s have direct consumer uses. The inpacts
analysis for this project considers only the production of SOCM
chem cal s and does not cover the production of non- SOCM
product s.

The SOCM can be characterized geographically by identifying
those states that should be analyzed to determ ne current |evels
of control and to establish baseline control requirenents. A
| arge percentage of the total nunber of process units in the
SOCM are found in only a few states, with Texas and Loui si ana
having the greatest nunber. Specifically, nore than 70 percent
of the SOCM process units are located in only nine states.
Forty of the 50 States have SOCM process units, and 18 of the
40 States have less than 1 percent of the national total nunber
of process units. Thus, it was not necessary to anal yze al
States for baseline control requirenents.

2.2 CHARACTERI ZATI ON OF THE | NDUSTRY
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I n previous standards-setting prograns, the EPA has
characterized the SOCM as a group of process units manufacturing
or processing one or nore chemcals included in a specific |ist.
Thi s approach has al so been used for the NSPS anal ysis. There
are a total of 735 chem cal manufacturing processes subject to
t he proposed regul ation. To nmake the scope of the NSPS as broad
as possible, the list of chem cals proposed to be regul ated under
this rule is a conposite list derived from several sources.

These sources include: (1) "Industrial Organic Chem cal Use
Trees," EPA/ORD, Cctober 1992; (2) Standards of Performance for
Equi pnrent Leaks of VOC in SOCM, 40 CFR Part 60, Subpart VWV, (3)
Proposed Standards of Performance for SOCM Reactor Processes,
55 FR 26953, June 29, 1990; (4) Standards of Performance for
SOCM Distillation Operations, 40 CFR Part 60, Subpart NNN; and
(5) Standards of Performance for SOCM Air Oxidation Processes,
40 CFR Part 60, Subpart 11l. The chemcals are listed in
Appendi x A of this docunent.

The SOCM can be characterized in terns of production
capacity and production rate where the difference between the two
is capacity utilization. Wthout conplete information for
capacity utilization, capacity can be used as an indicator of
rate. This information is inportant because em ssions generally
are closely tied to production rate. The characterization found
t hat production capacities for process units range fromless than
20 &/yr (22 mllion tpy) to greater than 600 Gg/yr (660 mllion
tpy). The conplete range of production volunes is included in
t he i npacts eval uati on.

2.3 REFERENCES
1. U.S. Environnental Protection Agency, Ofice of Air Quality

Pl anni ng and Standards. Hazardous Air Pol |l utant Em ssions

From Process Units in the Synthetic Organic Chem cal

Manuf acturi ng | ndustry--Background I nformation for Proposed

Standards Vol une 1A. Research Triangle Park, NC.  Novenber
1992. Chapter 3.
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3.0 PROCESS DESCRI PTI ON AND EM SSI ON PO NTS

I ndi vidual facilities within the SOCM generate wastewater
streans that contain organic conpounds. These wastewaters are
collected and treated in a variety of ways, sonme of which result
in the em ssion of volatile organic conpounds (VOC s) fromthe
wastewater to the air. This chapter provides a discussion of
potential VOC em ssions fromwastewater sources. Information in
this chapter is primarily a summary of information contained in
the Industrial Wastewater CTG and the reader is referred to that
docunent for a fuller discussion.

3.1 Sources of organic conpound-containing wastewater

Organi ¢ conpound- cont ai ni ng wast ewat er streans are generated
by direct contact of water with organi c conpounds and by
contam nation of indirect contact wastewater through equi pnent
| eaks in chem cal processing. Each of these two nechanisns are
briefly described bel ow
3.1.1 Dyrect contact wastewater. Water may cone into direct

contact with organic conpounds during a variety of different
chem cal processing steps, thus generating wastewater streans
t hat nmust be discharged for treatnent or disposal. Direct
contact wastewater includes:

1 Wat er used to wash inpurities from organi c conpound
products or reactants;

Wat er used to cool or quench organi c conpound vapor
streans;

Condensed steam fromjet eductor systens pulling vacuum
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on vessel s contai ni ng organi ¢ conpounds;

Water fromraw material and product storage tanks;

Water used as a carrier for catalysts and neutralizing
agents (e.g., caustic solutions); and

I Water fornmed as a byproduct during reaction steps.

Direct contact wastewater is al so generated when water is
used in equi pnent washes and spill cleanups. This wastewater is
normal ly nore variable in flowrate and concentration than the
streans |isted above and may be collected in a way that is
different from process wast ewater

3.1.2 Indirect contact wastewater. WAstewater streans generated
by uni ntentional contact wi th organic conpounds through equi pnent
| eaks are defined as "indirect contact" wastewater. |Indirect
contact wastewater nay beconme contam nated as a result of | eaks
from heat exchangers, condensers, and punps. These indirect
contact wastewaters may be collected and treated differently from
direct contact wastewaters. Punp seal water is often collected
in area drains that tie into the process wastewater collection
system This wastewater is then conbined with direct contact
wast ewater and transported to the wastewater treatnent plant.

Wast ewat er contam nated from heat exchanger |eaks is often
collected in different systens and may bypass sone of the
treatnment steps used in the treatnent plant.

3.2 Sources of air em ssions

Wastewater streans are collected and treated in a variety of
ways. Cenerally, wastewater passes through a series of
collection and treatnent units before being discharged froma
facility. Many of these collection and treatnent systemunits
are open to the atnosphere and all ow organi c conpound-cont ai ni ng
wastewaters to contact anbient air, thus creating a potential for
VOC em ssions. The nagnitude of VOC em ssions is sonmewhat
dependent on factors such as the physical properties of the
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Table 3-1. EMISSION SOURCES IN WASTEWATER COLLECTION
AND TREATMENT SYSTEMS

Drains
Manholes
Junction boxes
Lift stations
Trenches
Sumps
Weirs
Oil/water separators
Equalization or neutralization basins
Clarifiers
Aeration basins
Treatment tanks

Surface impoundments

pollutants, the tenperature of the wastewater, and the design of
the individual collection and treatnent units. Cdimatic factors
such as anbi ent tenperature and wi nd speed and direction al so
af fect VOC em ssions at many wastewater collection and treatnent
units.

Col l ection and treatnent schenes for wastewater are facility
specific. The flow rate and organic conpound conposition of
wast ewater streans at a particular facility are functions of the
processes used and influence the sizes and types of collection
and treatnment units needed. Table 3-1 lists potential sources of
emssions in facility collection and treatnment systenms. The
foll ow ng sections briefly discuss each of these em ssion
sour ces.
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3.2.1 Drains. Wiste streans fromvarious sources throughout a
gi ven process are introduced into the collection systemthrough
process drains. |Individual drains usually connect directly to
the main process sewer |line, but may drain to trenches, sunps, or
ditches. Drains may be dedicated to a single piece of equipnent
or may serve several sources. Many drains are open to the

at nosphere.

3.2.2 Manholes. Manhol es provide access into process sewer
lines for inspection and cleaning activities. They are normally
pl aced at periodic distances along a sewer |line and frequently
occur where sewers intersect or change significantly in
direction, grade, or sewer line dianeter. Typically, manhol es
are covered with a heavy cast-iron plate that contains two or
nor e hol es.

3.2.3 Junction boxes. A junction box conbines nmultiple
wastewater streans into a single stream Cenerally, the flow
rate fromthe junction box is controlled by the liquid |evel
within the junction box. Junction boxes are typically open, but
may, for safety reasons, be closed and vented to the atnosphere.

3.2.4 Lift stations. Lift stations accept wastewater from one
or nore sewer lines and are usually the last collection unit
before the treatnent system Lift stations collect and transport
wastewater to the treatnment system Punps designed to turn on
and off in response to preset high and low liquid | evels provide
the necessary head pressure for wastewater transport. Lift
stations are typically either open or closed and vented to the
at nosphere.

3.2.5 Trenches. Trenches are used to transport wastewater from
t he point of discharge froma process to wastewater collection
units such as junction boxes and lift stations. In older plants,
trenches are often the prinmary node of wastewater transportation
in the collection system Trenches are often interconnected

t hroughout a process area and handl e equi pnent pad water runoff,
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wat er from equi prrent wash downs and spill cleanups, and process
wast ewat er di scharges. Trenches are typically open or covered

w th grates.

3.2.6 Sunps. Sunps are used to collect and equalize wastewat er
flow fromtrenches before treatnent. They are usually qui escent
and open to the atnosphere. Sunp size depends on the total flow
rate of the incom ng wastewater strean(s).

3.2.7 Weirs. Wirs act as danms in open channels. The weir face
is usually aligned perpendicular to the bed and walls of a
channel. Water fromthe channel may overflow the weir or may
pass through a notch, or opening, in the weir face. Because of
their configuration, weirs provide sone control over the |evel
and flow rate through the channel. Wirs may al so be used for
wast ewater fl ow rate neasurenent.

Water overflowing a weir may proceed down stair steps that
serve to aerate the wastewater thus increasing diffusion of
oxygen into the wastewater. The increased oxygen may i nprove
bi odegradati on processes which often follow weirs. However, this
i ncreased contact with air also accelerates the volatilization of
organi ¢ conpounds contained in the wastewater
3.2.8 Ql/water separators. An Ol/water separator is often the

first step in wastewater treatnent, although they are also found
in process areas. These units provide gravity separation and
removal of oils, scum and solids fromthe wastewater. Mbst
Separation occurs as the wastewater passes through a qui escent
zone in the unit. Qls and scumw th specific gravities |less
than water float to the top of the aqueous phase whil e heavier
solids sink to the bottom Sonme organi c conpounds in the

wast ewater partition into the oil phase and can be renoved with
the skimed oil |eaving the separator.

3.2.9 Equalization basins. Equalization basins are used to

reduce fluctuations in wastewater tenperature, flow rate, and
organi ¢ conpound concentrations. Equalization of wastewater flow
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rate results in nore uniformeffluent quality from downstream
units and can benefit biological treatnent performance by danping
fluctuations of influent organic concentration and flow rate.
Thi s danping protects biological processes fromupset or failure
due to shock | oadings of toxic or treatnent-inhibiting conmpounds.
Equal i zati on basins normally use hydraulic retention tine to
ensure equalization of the wastewater effluent |eaving the basin.
However, sone basins are equi pped with m xers or surface aerators
to enhance the equalization, accelerate wastewater cooling, or
saturate the wastewater with oxygen before secondary treatnent.
Equal i zati on basins are al nost al ways open to the atnosphere. In
sonme nore recent wastewater collection and treatnent systens,
tanks, rather than basins, are used for equalization.

3.2.10 darifiers. The primary purpose of a clarifier is to
separate solids fromthe wastewater through gravitational
settling. Most clarifiers are equipped with surface skimers to
clear the water of floating oil deposits, grease, and scum
Clarifiers also have sludge raking arns that renove any
accunul ati on of organic solids collected at the bottom of the
tank. Cdarifiers are designed to provide sufficient retention
time for the settling and thickening of these solids.

3.2.11 Aeration basins. Biological waste treatnent is normally

acconpl i shed through the use of aeration basins. M croorganisns
requi re oxygen to carry out the biodegradation of organic
conpounds, which results in energy and bi omass production. The
aerobic environnment in the basin is normally achieved with
diffused air or by nechanical aeration. This aeration also
serves to maintain the biomass in a well m xed reginme. The
performance of aeration basins is particularly affected by: (1)
mass of organi c conpound per unit area of wastewater; (2) anbient
tenperature and wind patterns; (3) hydraulic retention tinme; (4)
di spersion and m xi ng characteristics; (5) availability of
sunlight energy; and (6) availability of essential mcrobial
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nutrients.

Three mechani sns af fect organi c conpound renoval in aeration
basi ns: bi odegradati on, adsorption onto the sludge, and air
em ssions. Because these three nechani sns conpete agai nst each
other, factors affecting biodegradati on and adsor pti on nechani sns
wi Il also have an effect on air em ssions.

Typical ly, aeration basins are equipped with aerators to
i ntroduce oxygen into the wastewater. The biomass uses this
oxygen in the process of biodegradi ng organi c conpounds.
However, aeration of wastewater also increases air em ssions.
Sone plants have repl aced open aeration basins with aerated tanks
to reduce VOC em ssions to the atnosphere.

3.2.12 Treatnent tanks. Several different types of treatnent
tanks may be used in wastewater treatnent systens. Tanks

desi gned for pH adjustnent typically precede the biol ogical
treatnent step. In these tanks, the wastewater pH is adjusted,
using acidic or alkaline additives, to prevent shocking the

bi ol ogi cal system downstream Floccul ation tanks are typically
used to treat wastewater after biological treatnent.

Fl occul ati ng agents are added to the wastewater to pronote
formati on or aggl oneration of |arger particle masses fromthe
fine solids fornmed during biological treatnment. 1In the
clarifier, which usually follows the flocculation tanks in the
system these larger particles precipitate nore readily out of
t he wast ewat er.

3.2.13 Surface inpoundnents. Surface inpoundnents are used for

evaporation, polishing, storage before further treatnent or

di sposal, equalization, |eachate collection, and as energency
surge basins. They may be qui escent or nechanically agitated.
3.3 References

1 U.S. Environnmental Protection AGency, Ofice of Air Quality
Pl anni ng and Standards. Cuideline Series Control of
Vol atil e Organi ¢ Conpound Em ssions from I ndustri al
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Wastewater. Research Triangle park, NC. Draft. Septenber
1992. Chapter 3.
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4.0 CONTROL TECHNOLOGY AND PERFORMANCE OF CONTROLS

There are two fundanentally different approaches to
controlling VOC em ssions from SOCM wast ewat er sources. The
first is a source reduction or waste m nim zati on approach in
which there is a reduction in the quantity of wastewater
generated and/or a reduction in the VO content of the wastewater
as a result of process nodifications, nodifications of operating
practices, inproved preventative maintenance activities,

i ncreased recycling, or segregation of VO containing waste
streans. The second approach invol ves em ssion suppression and
treatnent of wastewater streans to renpve organi ¢ conpounds. The
fol |l ow ng paragraphs present a brief discussion of these two
approaches. The discussions are derived primarily from
information presented in the Industrial Wastewater CTG and the
reader is referred to that docunent for further details of the
two approaches.

4.1 Waste minimzation

Waste m nimzation may be achi eved by source reduction or
recycling. Source reduction involves the inplenentation of steps
that reduce either the amount of wastewater generated or the
anount of volatile organic matter contained in wastewater
streans. Recycling includes recovery and/or reuse of potenti al
wastes. There are several neans of achieving the objectives of
either of these waste mnimzation alternatives. Many waste
m nim zation techni ques are process specific and the degree of
em ssion reduction achi eved depends on the operating paraneters
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of the individual process. The general approach to either source
reduction or recycling includes three steps: (1) gathering
basel i ne data on individual waste stream characteristics, (2)
identifying and ranki ng sources for reduction, and (3)

i npl ementation of reduction/recycling alternatives. Selecting
and i nplementing waste mnimzation activities can be enhanced by
reviewi ng case studies and reports on pollution prevention or by
obtaining information from State assi stance prograns, vendors, or
consultants. Because of the site-specific nature of this
approach, no estimtes of em ssion control efficiency were nade.
4.2 Suppression and treatnent technol ogies

Under this em ssion control strategy, VOC em ssions are
reduced by a three-step programthat includes: (1) suppression
of em ssions fromcollection and treatnent system conponents up
to the point of treatnent; (2) treatnment of wastewater streans to
remove organi ¢ conpounds: and (3) treatnment of residuals such as
oi | phases, condensates, and sl udges from nondestructive
treat ment operations.

4.2.1 Oganic conpound treatnent technologies. There are three

primary treatnent technol ogies that are generally applicable and
effective in reducing the VO content of wastewater streans. They
are steam stripping, air stripping, and biol ogical treatnent.
There are al so several other nethods of treatnment that may be
applicable to particular situations.

4.2.1.1 Steamstripping. Steamstripping is a proven technol ogy

that involves the fractional distillation of wastewater to renove
organi ¢ conpounds. Steam strippers may be operated in batch or
conti nuous node dependi ng on the characteristics of the

wast ewat er streans being treated. Steam stripping systens

i ncl ude encl osed wastewater collection and handling units up to
the treatnment unit, which includes a covered feed tank, a steam
stripping tower, and controls on associ ated tank and condenser
vents.
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Al t hough the VOC renoval efficiency of steam strippers
depends on the characteristics of both the steam stripper and the
wast ewater stream steamstripping is the nost universally
appl i cabl e VOC renoval technology for treating wastewater streans
such as those generated by SOCM processes. Data collected by
EPA related to steam stripper performance for the treatnent of
wast ewat ers i ndi cate organi c conpound renoval efficiencies
ranging from 76 percent to 99.9 percent. The Agency used that
information in conjunction with nodel waste streans to devel op
equations to predict steamstripper renoval efficiency as a
function of the Henry's Law Constant for individual organic
constituents of wastewater streans. These equations were then
used to estimte VOC renoval efficiencies and em ssion reductions
for several industries. The four equations devel oped are as
fol |l ows:

Henry's Law Constant (H)

25 °F range (atm ! n¥/ nol) Fraction Renoved (F,)
H > 0.00105 F, = 1.0
H< 3.3 x 107 F,.=0

3.3 x 10" < H< 8.9 x 10° = 4.168 + 0.6430 * log H

F,
8.9 x 106 < H< 1.05 x 103 F, = 1.115 + 0.03865 * |og H

4.2.1.2 A r stripping. Ar strippers operate on the principle

of vapor-liquid equilibrium The technology is applicable to
conpounds with a wide range of volatilities and is nost generally
applicable to streans that contain dilute organic conpound
concentrations. Air strippers are nost efficient in the renoval
of highly volatile, water insoluble conpounds.

As wth steamstripping, air strippers may be operated in
ei ther batch or continuous node and operate as part of a system
t hat includes encl osed wastewater collection and handling units
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up to the treatnment unit. The overhead fromthe treatnent unit
including the feed tank is covered and vented to a control
device, which may be an on-site boiler. Data collected by EPA
indicate that the organic renoval efficiency of air strippers
ranges from about 58 to 99.9 percent for a range of organic
conpounds.

4.2.3 Biological treatnent technol ogy. Biological waste

treatnment is normally acconplished through the use of aeration
basins. M croorgani snms require oxygen to carry out the

bi odegradati on of organi c conpounds. The aerobic environnent is
normal Iy achi eved by the use of diffused or nechani cal aeration.
Al t hough the aeration is necessary to provide the oxygen
necessary to mai ntain and pronote biol ogi cal degradation of the
or gani ¢ conpounds, aeration also increases the |iquid surface
area exposed to anbient air. This action reduces both the liquid
and gas phase resistance to mass transfer and thus causes an
increase in air emssions relative to quiescent, flowthrough
type units.

Bi ol ogical treatnent in open basins is unlikely to result in
the sanme | evel of VOC em ssion reduction that can be achi eved by
steamor air stripping. However, sone biological treatnent
systens that nake use of covered tanks vented to a control device
may achi eve em ssion reductions equivalent to that of strippers.
4.2.4 Oher organic conpound renoval technologies. |In addition

to the three primary technol ogies for renoving organics from
wastewater, there are certain applications where other
technol ogi es may be nore appropriate. These other technol ogies
i ncl ude chem cal oxidation, carbon and ion exchange adsorpti on,
menbr ane separation, and liquid-liquid extraction (or sol vent
extraction). These technologies rely on a variety of nechanisns
to renpbve organi c conpounds fromwastewater. They are used in
different applications by facilities and may be effective at
renovi ng certain organi c conpounds.
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4.3 Enissions suppression

VOC em ssions fromwastewater collection and treatnent
systens can be controlled either by hard piping or by enclosing
the transport and handling systemfromthe point of wastewater
generation until the wastewater is treated to renove or destroy
t he organi c conpounds. Suppression techni ques can be broken down
into four categories: collection systemcontrols, roofs,
fl oati ng menbranes, and air-supported structures. These devices
and their associ ated VOC suppression efficiencies are discussed
in detail in the Wastewater CTC Docunent.? Suppression of VOC
em ssions nerely keeps the organi c conpounds in the wastewater
until they reach the next potential VOC em ssion source.
Therefore, these techniques are not effective unless the VOC
em ssions are suppressed until the wastewater reaches a treatnent
devi ce where the organi c conpounds are either renoved or
dest royed.

Wast ewat er collection systens are made up of conponents such
as drains, junction boxes, sunps, trenches, and lift stations.

O her wast ewat er system conponents may i nclude storage and
treatnent tanks, oil/water separators, and surface inpoundnents.
Suppression controls can be applied to nost of these conponents
to reduce the potential for VOC em ssions during wastewater
collection. These controls involve the use of physical covers
and water seals to mnimze the contact between anbient air and
the wastewater flow ng through the conponent. Table 4-1 lists
sonme of the controls that are applicable to collection system
conponents. A conplete description of each suppression contro
device can be found in the Wastewater CTC Docunent.?

Tabl e 4-1. EM SSI ON SUPPRESSI ON CONTROLS FOR WASTEWATER
CCOLLECTI ON SYSTEM COVPONENTS
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Col | ection System Conponent Suppression Control Options

Har d pi pi ng
Dr ai ns P-1eg seal s
Seal pots

Juncti on boxes
Sunps Gas-tight covers
Lift stations

Fi xed roof
Fi xed roof with interna
St or age tanks fl oating roof
Tr eat nent tanks Fi xed roof vented to control
devi ce

Fl oati ng roof

Ol /water separators Fi xed roof
Fl oati ng roof

Sur face i nmpoundnents Fl oati ng nenbrane covers
Air-supported structures

4.4 Add-on controls
Add-on controls serve to reduce VOC em ssions by destroying

or extracting organi c conpounds from gas phase vent streans
before they are discharged to the atnosphere. Add-on controls
are applicable to vents associated with collection and treatnent
covers, such as drain covers, fixed roofs, and air-supported
structures, and with organi c conpound renoval devices, such as
air strippers and steamstrippers. Add-on controls for VOC
em ssions are classified into four broad categories: adsorption,
conbustion, condensation, and absorption. The type of add-on
control best suited for a particul ar wastewater em ssion source
depends on the size of the source and the characteristics of the
wast ewater in the source.

Conbusti on destroys the organi c conpounds in the gas stream
by oxidation of the conpounds primarily to carbon di oxi de and
wat er. Because essentially all organic conpounds will burn,
conbustion add-on controls are applicable to all em ssion sources
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for which the organic vapors can be captured. Conbustion add-on
controls are thermal vapor incinerators, flares, boilers, and
process heaters.

4.4.1 Carbon adsorbers. Carbon adsorbers nake use of carbon

t hat has been processed or "activated" to have a porous
structure. In that state, carbon provides a |large surface area
upon whi ch organi ¢ nol ecul es can attach when an organi c-
containing gas streamis passed through the carbon bed. Carbon
adsorbers are used in two main forns: fixed-bed and carbon

canisters. In fixed-bed systens, when the carbon becones
saturated with organic material, it is regenerated to desorb the
attached organic material. In nost situations, fixed-bed systens

make use of multiple carbon beds such that when one bed is in the
process of regeneration, the other beds are on-line to adsorb
organic material froma gas stream

Carbon canisters are sinple druns filled with activated
carbon and equi pped with inlet and outl et openings. Carbon
canisters are used nostly with | ow volunme gas streans with | ow
organi c concentrations. Wen the carbon in the canister becone
saturated, the canister is replaced and the carbon is either
i nci nerated or recycl ed.
4.4.2 Thermal vapor incinerators. Thermal vapor incinerators

consi st of an encl osed chanber in which the oxidation process
occurs. They may be refractory-lined with one or nore discrete
burners that prem x organi c vapor gas with conbustion air and
suppl enental fuel or, they may use plate-type burners to produce
a flame zone through which organic vapors pass. Packaged thernal
vapor incinerators are commercially available in sizes ranging
from8 to 1,400 n¥/mn (300 to 47,000 ft3/ mn). Wen properly
desi gned and operated, thermal vapor incinerators can achieve
organi ¢ conpound destruction efficiencies in excess of 98
percent .

4.4.3 Conbination adsorption-incineration. In sone cases, it is
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advant ageous to conbi ne carbon adsorption and thernmal vapor
incineration into a single control system |In these systens, the
carbon adsorption unit serves to increase the organic
concentration of the gas streamdelivered to the thermal vapor
incineration unit thus reducing the requirenents for auxiliary
fuel. These conbination systens elimnate the need for sol vent
recovery in situations where recovery of the organics is not
desirable or economcally attractive.

Conbi nati on systens may be operated either continuously or
on an intermttent basis. Packaged units are available in a w de
range of capacities and operate at organi c conpound destruction
efficiencies of 95 to 99 percent.

4.4.4 Catalytic vapor incinerators. Catalytic vapor

incinerators are basically a flanmel ess conbustion process in

whi ch organi c vapor streans are passed through a catalyst bed to
pronote oxidation at tenperatures of 320 to 650 °C (600 to 1,200
°F). These incinerators nmay not be applicable for vapor streans
wi th a high organic concentration because of the likelihood that
the tenperature limts would be exceeded thus | eading to danage
to the catalyst. |In nost installations, heat recovery is

enpl oyed to heat the inlet vapor stream using heat fromthe hot
exhaust gases. Oganic conpound destruction efficiencies in the
range of 97 to 98 percent can be achieved by these systens.

4.4.5 Flares. Flares consist of an open conbustion process in
whi ch oxygen for the conmbustion process is provided by anbi ent
air around the flare. Mxing of air and organic vapors may be
enhanced or "assisted" by injecting steamor air at the flare tip
or by using a high-velocity nozzle. Flares are primarily used to
burn waste gases fromindustrial processes such as those at
petrol eum refineries, blast furnaces, and coke ovens. Conbustion
efficiencies of up to 98 percent are achievable for assisted

fl ares under nost operating conditions.

4.4.6 Boilers and process heaters. Thermal destruction of
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organi ¢ vapors may be achieved in boilers and process heaters at
many plants. The two processes currently being used for this
application include: (1) prem xing the organic vapor with a
gaseous fuel and firing through an existing burner and (2) firing
t he organi c vapor through a special retrofitted burner.
Destruction efficiencies of 98 to 99 percent have been achi eved
by boilers and process heaters in this application.

4.4.7 Condensers. Condensation may be used on organi c vapor

streans to recover the organic material by converting the vapors
toaliquid form In nost applications, the conversion is
achieved by |lowering the tenperature, although increasing the
pressure may al so be used. The efficiency of condensers is

hi ghly dependent on the vapor pressure of the organic
constituents in the vapor stream Field neasurenents of
efficiency have shown values ranging from6 to 99.5 percent for
di fferent chem cal conpounds.

4.5 References

1 U.S. Environnental Protection Agency, Ofice of Air Quality
Pl anni ng and Standards. Cuideline Series Control of
Vol atil e Organi ¢ Conpound Em ssions from I ndustri al
Wastewater. Research Triangle park, NC. Draft. Septenber
1992. Chapter 4.

2. U.S. Environnental Protection Agency, Ofice of Air Quality
Pl anni ng and Standards. |Industrial Wastewater Vol atile
Organi ¢ Conpound Em ssi ons--Background I nformation for
BACT/ LAER Det erm nations. July 1990.
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5. MDD FI CATI ON AND RECONSTRUCTI ON

New Source Performance Standards (NSPS) apply to new,
nodi fi ed, and reconstructed (i.e., whose conponents are replaced
to the extent that the source is, in effect, a new source)
sources for which construction, nodification, or reconstruction
commenced (as defined under 40 CFR 60.2) after the date of
proposal of the standards. Under Section 111 of the Cean Ar
Act, a source can be any building, structure, facility, or
installation which emts or may emt any air pollutant. The
sources to which each NSPS apply are defined in the standard as
the "affected facility". Regulations governing nodification and
reconstruction are found in 860.14 and 860.15 of 40 CFR Part 60.

This chapter will discuss the selection of affected
facility, and provide sone general exanples of the applicability
of nodification and reconstruction to affected facilities in the
SOCM .

5.1 SELECTI ON OF AFFECTED FACI LI TY

The Synthetic Organic Chem cal Mnufacturing |Industry
(SOCM ) is normally represented as a system of production stages
t hat produces a w de range of organic chem cals. For the purpose
of this NSPS, the SOCM is defined as the production of organic
chemcals, at a wwde range of facilities, through different
production stages known as process units. In the manufacture of
organi c chem cals, wastewater streans containing organic
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conpounds nmay be generated from several sources. Organic
conpounds in the wastewater can volatilize and be emtted to the
at nosphere fromwastewater collection and treatnment units if
these units are open to the atnosphere. Potential sources of VOC
em ssions associated with wastewater collection and treatnent

i nclude: individual drain systenms, which are conprised of

equi pnent such as open trenches, drains, sunps, manhol es,
junction boxes, lift stations, and weirs; surface inpoundnents;
wast ewat er storage and/or treatnent tanks; clarifiers; oil/water
separators; and biological treatnent units. At these points, VOC
can be transferred fromthe wastewater to the air.

For the purpose of this NSPS, the affected facility is
defined as each individual process unit, i.e., each SOCM process
unit which includes the equipnent (e.g., mxers, reactors,
distillation units) assenbled and connected by pipes or ducts to
produce, as internediates or final products, one or nore of the
chemcals listed in the NSPS applicability section. This
regul atory format avoids the problens associated with having
mul tiple individual collection and treatnent system conponents
classified as affected facilities and al so provides a definition
that is sufficiently narrow in scope as not to totally elimnate
the potential for existing sources becom ng subject to NSPS
t hrough the nodification and reconstruction provisions. In
addition, this format will allow the plant to nmake nodifications
to update wastewater collection and treatnent systens as
necessary to enhance their performance w thout causing the system
to be classified as an affected facility under this NSPS.

5.2 MDDl FI CATI ON

Regul ati ons governi ng nodification determ nation for the
pur poses of applying NSPS are contained in 860.14 of the General
Provisions to 40 CFR Part 60. Wth certain exceptions, any
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physi cal or operational change to an existing process unit that
woul d increase the em ssion rate fromthat process unit of any
pol |l utant covered by the standard woul d be considered a
nodi fication within the meaning of Section 111 of the Clean Ar
Act. The key to determining if a change is considered a
nodi fication is whether actual em ssions to the atnosphere from
the process unit have increased on a mass per tinme basis (kg/h)
as a result of the change. Changes in em ssion rate may be
determ ned by the use of em ssion factors, by material bal ances,
by continuous nonitoring data, or by manual em ssion tests in
cases where the use of em ssion factors does not clearly
denonstrate that em ssions do or do not increase. Under the
current regul ations, an em ssion increase fromone process unit
may not be offset with a simlar em ssion decrease at anot her
process unit to avoid becom ng subject to NSPS. |[If an existing
facility is determned to be nodified, it becones an affected
facility, subject to the standards of performance for the
pol lutant or pollutants that have increased due to nodification.
Al'l em ssions, not just the increnental increase in em ssions, of
the pollutants that have increased fromthe affected facility
nmust be in conpliance with the applicabl e standards.

Under the General Provisions to 40 CFR Part 60, certain
physi cal or operational changes are not considered to be
nodi fications even though em ssions may increase as a result of
the change (see 40 CFR 60.14(e)). The follow ng physical or
oper ati onal changes are not considered to be nodifications, even
t hough they may cause em ssions to increase:

1. Routine maintenance, repair, and replacenent (e.g.,
| ubrication of mechani cal equi pnent; replacenent of punps,
nmotors, and piping; cleaning of equipnent);

2. An increase in production rate without a capital
expenditure (as defined in 40 CFR 60. 2);

3. An increase in the hours of operation;
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4. Use of an alternative fuel or raw material if, prior to
proposal of the standard, the existing facility was designed to
accommodat e that alternative fuel or raw materi al

5. The addition or use of any system or device whose
primary function is to reduce air pollutants, except when an
em ssion control systemis replaced by a system determ ned by EPA
to be less environnentally beneficial; and

6. Relocation or change in ownership of the existing
facility.

An owner or operator of an existing facility who is planning
a physical or operational change that may increase the em ssion
rate of a pollutant to which a standard applies shall notify the
appropriate EPA regional office 60 days prior to the change, as
specified in 40 CFR 60.7(a)(4).

The follow ng discussion identifies sone possible changes to
process unit operations used in SOCM which m ght be consi dered
nodi fications. The nmagnitude of the industry covered and the
conplexity of the manufacturing process permt only a general
di scussi on of these possible changes. Furthernore, the list of
potential nodifications for process units is not exclusive. The
foll ow ng general types of process nodifications are identified
for SOCM process units:

1. Feedstock, catalyst, or reactant substitution;

2. Process equi pnent changes; and

3. Conbinations of the above.

Feedst ock, catalyst, or reactant substitution is dictated by

econom cs and the level of availability of the feedstock,

catal yst, or reactant. Depending upon the specific process,
change in feedstock or catalyst may require substantial capital
investnment to nodify the process to acconmopdate the change. The
magni tude of the capital investnment may prohibit feedstock or
catal yst substitution for many chem cal s.
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Many of the chem cals produced in the SOCM can be
manuf actured fromtwo or nore different feedstocks. For exanple,
cycl ohexane can be manufactured using either phenol or
cycl ohexanol as the feedstock. In nost cases, however, feedstock
substitution would likely require both equi pnment and process
changes.

React ant substitutions within the SOCM process units is
also a likely change that could constitute a nodification. For
exanple, for many chem cals, the potential exists to substitute
air for pure oxygen or a chem cal oxidant as a reactant or vice
versa. Changing to an air oxidation process nay be an advant age
because (1) air is readily available and (2) expensive corrosion-
resistant materials are not required conpared to the use of
chem cal oxidants. However, there nmay be mgj or di sadvantages in
changi ng from an oxygen or chem cal oxidation process to an air
oxi dati on process, including a substantial reduction in plant
capacity, a large increase in the reactor-rel ated process vent
streamflowate (i.e., increased VOC em ssions), and an altered
product mx. Either of these (i.e., using pure oxygen or the
oxygen in the air) may be substituted for chem cal oxidation
processes as well. Reactant substitutions of this type may
i ncrease process unit VOC em ssions to the atnosphere and as a
result may constitute a nodification (unless the fixed capital
expendi ture exceeds 50 percent of the fixed capital cost required
to construct a conparable new facility, in which case it would be
consi dered reconstruction).

Process equi pnent changes may al so constitute nodifications.

Exanpl es of potential nodifications are replacing a fixed-bed
reactor with a fluidized-bed reactor, increasing the plant
capacity by increasing the size of the reactor or adding

addi tional reactors, and changing the product recovery system
(e.g., froman absorber to a condenser). Such changes m ght be
consi dered nodifications since they can result in increased VOC
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em ssions. Again, capital expenditures may be a factor in
determ ning whether it is nodification or reconstruction.
A conbination of the changes descri bed above woul d be chosen

in any given situation with the decision based on the nost
advant ageous econom cs for the site-specific conditions. The
conbi nati on of changes m ght be considered a potenti al

nodi fication if they resulted in an increase in em ssions. The
nmost conmmon conbi nations are plant expansi ons or simultaneous
changes in feedstock and catal yst as described earlier. O her
conbi nati ons however are possible.

The enforcenent division of the appropriate EPA regional
office will make the final determ nation as to whether an
existing facility is nodified and, as a result, subject to the
standards of performance of an affected facility.

5.3 RECONSTRUCTI ON

An existing facility may beconme subject to NSPS if it is
reconstructed. Reconstruction is defined in 40 CFR 60.15 as the
repl acenent of the conponents of an existing facility to the
extent that (1) the fixed capital cost of the new conponents
exceeds 50 percent of the fixed capital cost required to
construct a conparable new facility and (2) it is technically and
economcally feasible for the facility to nmeet the applicable
standards. Because EPA considers reconstructed facilities to
constitute new construction rather than nodification,
reconstruction determ nations are made irrespective of changes in
em ssion rates.

The purpose of the reconstruction provisions is to
di scourage the perpetuation of an existing facility for the sole
purpose of circunventing a standard that is applicable to new
facilities. Wthout such a provision, all but vestigial
conponents (such as franes, housing, and support structures) of
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the existing facility could be replaced w thout causing the
facility to be considered a "new' facility subject to NSPS. If
the facility is determned to be reconstructed, it nust conply
with all of the provisions of the standards of perfornmance
applicable to that facility. [If an owner or operator of an
existing facility is planning to replace conponents and the fixed
capital cost of the new conponents exceeds 50 percent of the
fixed capital cost of a conparable new facility, the owner or
operator must notify the appropriate EPA regional office 60 days
before construction of the replacenent comrences, as required
under 40 CFR 60. 15(d).

The enforcenent division of the appropriate EPA regional
office will make the final determ nation as to whether an
existing facility is reconstructed and, as a result, subject to
t he standards of perfornmance of an affected facility.

5.4 REFERENCES FOR CHAPTER 5

1. The U. S. Environnental Protection Agency. Code of Federal
Regul ations. Title 40, Chapter |, Subpart A, part 60.
Washi ngton, D.C., Ofice of the Federal Register.

2. The U. S. Environnental Protection Agency, Ofice of Ar
Quality Planning and Standards, Research Triangle Park, N C
Distillation Operations in Synthetic O ganic Chem cal
Manuf acturi ng - Background I nformation For Proposed
St andards. EPA-450/ 3-83-005a. Decenber 1983.



6.0 METHODOLOGY FOR ESTI MATI NG BASELI NE AND CONTRCLLED ORGANI C
EM SSI ONS

This chapter presents a general discussion of the
met hodol ogy used to devel op estimates of volatile organic
conpound (VOC) em ssions from wastewater operations within the
SOCM source category. The chapter includes: (1) an explanation
of the assunptions used to establish the regul atory baseline for
t he i npact anal yses, (2) descriptions of the control options used
in the inpact analyses, and (3) the techniques applied to
estimate both baseline and controlled em ssions.
6.1 BASELI NE CHARACTERI ZATI ONS

The EPA has recently been involved with two regul atory
efforts that relate to air em ssions from wastewater streans at
SOCM facilities: developnent of the Industrial \Wastewater
Control Techni ques Guidelines (CTG docunent,! and devel opnent of
t he Hazardous Organic NESHAP (HON).2 |In support of those
efforts, the EPA conducted a survey of SOCM facilities under the
authority of Section 114 of the Cean Air Act. |In that survey,
owners and operators of facilities wthin nine corporations
conpl eted questionnaires asking for information on wastewater
streans from SOCM production processes. The questionnaires
i ncluded information on the flow rate and concentrati on of
i ndi vi dual hazardous air pollutants (HAP's) and total VOC s in
each wastewater stream The Agency used the survey responses to
establish a data base (referred to herein as "the SOCM data
base") with data for a total of 461 wastewater streans generated
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by 110 SOCM process units at 25 plant sites. The survey
responses provided sufficient information to allow the
characterization of flowrate, VO concentration, em ssion
potential, and strippability of individual wastewater streans.
VO concentration refers to the volatile organic
concentration of a wastewater stream as neasured by EPA Mt hod
25D. The regulatory alternatives considered for this NSPS are
based on controlling wastewater streans with a VO concentration
as neasured by Method 25D, above specified trigger or action
| evel s. The EPA cal cul ated val ues for VO concentration for the
SOCM wastewat er streans fromreported values of the
concentrations of individual volatile organic constituents. In
t hat cal cul ation, each reported individual constituent
concentration in a waste streamis nultiplied by an estimated
fraction of the total that would be detected by EPA Reference
Met hod 25D and summed across all constituents. This procedure
can be expressed in an equation as foll ows:

VO =} (VOC; * fm)

Wer e,

VO = Vol atile organic concentration as neasured by EPA Met hod
25D

VOG = Total concentration of volatile organic conpound i; and

fm = The fraction of total volatile organic conpound

measured by EPA Met hod 25D, predicted for conpounds of

interest using a theoretical analysis.
This VO concentration cal culation allows anal yses to be nade of
the SOCM data base that involves control of those wastewater
streans with VO concentrations above specified | evels.
6.2 BASELI NE AND CONTROLLED EM SSI ONS ESTI MATES

The environnmental and other inpacts of alternative standards

are eval uated by establishing a baseline to which all regul atory
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alternatives are conpared. For the SOCM secondary sources NSPS,
VOC em ssions at affected facilities in the absence of the NSPS
represent baseline. As discussed in Chapter 1, air em ssions
from SOCM secondary sources are already covered by air em ssion
regul ations at what is likely to be a large fraction of
facilities. The HON applies to SOCM wastewater sources that
contain HAP's in concentrations above the trigger level. 1In
addi tion, sone SOCM wastewater sources may be covered by either
the NESHAP for vinyl chloride or the NESHAP for benzene waste
operations. Sources that would be subject to this NSPS include
process units that have HAP concentrations in their wastewater
bel ow the cutoff level for the HON and process units for which
the wastewater contains VOCs that are not classified as HAPs.
This category of sources has the potential to be a significant
source of VOC air pollutant em ssions and is the primary focus of
t he NSPS.

Basel ine em ssions for SOCM wastewater streans are
cal cul ated using the information and net hodol ogy presented in the
BID for the HON as previously referenced. Baseline em ssions are
cal cul ated as uncontrolled em ssions using em ssion factors
devel oped as a part of the analysis of waste streamdata for the
HON. That anal ysis invol ved devel opnment of em ssion factors for
i ndi vi dual organic constituents found in SOCM wastewater streans
based on information in the SOCM data base.® Those eni ssion
factors (or fractions emtted, fe) were devel oped using
t heoretical mass transfer equations to calculate em ssion factors
for individual organic chem cal constituents in a wastewater
stream as the stream passes through individual wastewater
collection and treatnment units. The cal cul ated individual val ues
for fraction emtted were used to establish a relationship
between fraction emtted and Henry's Law constant for individual
organi c constituents. That relationship is used to estimate the
fraction emtted for constituents that do not have a val ue
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calculated for fraction emtted based on theoretical
consi derati ons.

Uncontroll ed VOC em ssions fromtypical wastewater
collection and treatnent systens are estimted as the sum of the
products of the fraction emtted and the individual constituent
concentration of a waste stream The cal cul ati ons are nmade using
the foll om ng equati on:

E=) (Q*VOC, «fe)

Wer e:

E = Annual VOC em ssions fromthe wastewater stream (M/yr),

Q = Annual wastewater stream flow (cal cul ated based on the
reported streamflowin Ipmand full tinme operation for 351
days/yr), (M/yr),

VOC = Concentration of constituent i, (ppm,

fe, = Fraction emtted for constituent i.

Annual em ssions fromindividual units can be cal cul ated by

sunmm ng across all wastewater streans generated by the unit.
Annual em ssions froma plant can be cal cul ated by summ ng across
all units at the plant.

Cal cul ations are also made to estimate total VOC em ssions
after the controls required by the NSPS have been installed. For
t hose cal cul ati ons, em ssion control was assuned to be
acconpl i shed by processing the waste streans through a steam
stripper. The fraction of VOC that woul d be renoved by steam
stripping was estimated by first predicting the VOC renoval
efficiency of a nodel steam stripper for each individual volatile
organi c constituent and then summ ng across all constituents.
This anal ysis can be expressed in an equation as foll ows:
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FR =} (VOC, = fr)

VWher e,

FR = The fraction of total VO renoved froma wastewater stream
due to steamstripping, or the fractional reduction in
em ssion potential;
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VOG = The VOC concentration of conpound i;

fr, = The fraction of conpound i renoved by steam stri ppi ng
froma wastewater stream

Estimates of steam stripper efficiency for individual conpounds
are based on the predicted efficiency of the design steam
stripper as described in Chapter 4 of the Industrial Wstewater
CTG. *

6. 3 REFERENCES

1. U.S. Environnmental Protection Agency, Ofice of Air Quality
Pl anni ng and Standards. Cuideline Series Control of
Vol atil e Organi ¢ Conpound Em ssions from I ndustri al
Wastewater. Research Triangle Park, NC. Appendi x B.
Draft. Septenber 1992.

2. U.S. Environnental Protection Agency, Ofice of Air Quality
Pl anni ng and Standards. Hazardous Air Pol |l utant Em ssions
fromProcess Units in the Synthetic Organic Chem ca
Manuf acturing I ndustry -- Background Information for
Proposed Standards Vol unme 1C. Model Em ssion Sources. EPA-
453/ D-92-016¢c. Research Triangle Park, NC. p. 5-10 - 5-29.
Novenber 1992.

3. Ref erence 1.

4. Ref erence 1. Chapter 4.
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7.0 NATI ONW DE ENVI RONMENTAL AND ENERGY | MPACTS

As part of the rul emaki ng process, EPA estimtes the
nati onw de inpacts of various regulatory alternatives in terns of
primary air pollutant inpacts, cost inpacts, and other
envi ronmental and energy inpacts. These estinmates represent the
i npacts of applying em ssion controls on all em ssion points
nati onwi de that are required to apply additional control as a
part of conplying with the NSPS. These estimated inpacts are
factored into decisions regarding selection of the nost
appropriate regulatory alternative to serve as the basis for a
proposed st andard.

In estimating nationw de inpacts, EPA estimates the quantity
of em ssions fromthe affected industry in the absence of
national standards to serve as a baseline em ssion |evel, and
then cal cul ates potential em ssion reductions under alternative
em ssion control scenarios (i.e., regulatory alternatives).
Studies are then made to estimate inpacts of these alternatives
on the environnent, the economcs of the industry and the nation,
and on energy consunption. Collectively, these estinmates
represent the inpacts of the standard. For this NSPS, inpact
estimates were nmade on both a nodel plant basis and on a nati onal
basis. The inpacts of regulatory alternatives for em ssion
control include em ssion reductions, costs, inpacts to other
envi ronnent al nedia, and changes in energy usage.

7.1 BASIS FOR | MPACTS ESTI MATI ON
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| npacts of the regulatory alternatives for the SOCM
secondary sources NSPS were estimted as an increnent to the
i npacts cal cul ated for the hazardous organic NESHAP (HON). In
effect, the level of emssions after inplenentation of the HON
serves as the baseline for the NSPS.

The estinmated nationw de i npacts of the NSPS are based on
detail ed anal yses of the SOCM data base described in Chapter 6.0
of this docunent. For the purposes of the analysis, the EPA
assunmed that the information in that data base is representative
of new process units that will be subject to control by the NSPS.
The anal ysi s exam ned each individual wastewater streamin the
SOCM data base to determne if em ssion controls would be
required by the HON. The determ nati on was based on the HON
criteria for new sources, which differ fromthe criteria for
exi sting sources. The estimated em ssion reductions and costs of
controlling these waste streans were then cal cul ated using the
procedures di scussed in Chapter 6.

Fol |l owi ng the exam nation of the wastewater streans based on
the HON criteria, each wastewater streamnot requiring control by
the HON was reexanmned to identify those streans that would
require control by the NSPS. Em ssion reductions and costs of
controlling those streans represent the inpacts of the NSPS.

NSPS i npacts were analyzed in this way for a series of 5
regul atory alternatives with progressively nore stringent
criteria for wastewater streanms that require control

7.2 ESTI MATI ON OF CONTRCLLED EM SSI ONS

The control technol ogy eval uated for wastewater collection
and treatnment operations was a steamstripper followed by an air
em ssions control device (i.e., the em ssion potential of the
wast ewater streamis reduced by renoving the organics fromthe
wastewater prior to managenent in units that result in air
em ssions). Steam stripping achi eves vari abl e em ssion
reducti ons depending on the volatility and strippability of the
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organics (e.g., VOC or HAP's) in the wastewater. For the purpose
of estimating the control inpacts, it was assuned that the air

em ssions control device was an existing conbustion device such
as a thermal vapor incinerator or process heater.

Control inpacts for wastewater collection and treatnent
operations were estimated on a facility basis. Control costs
wer e eval uated based on the total facility-w de wastewater flow
as related to production rate. Em ssion reductions, a function
of strippability and the quantity of wastewater treated, were
estimated for each wastewater stream
7.3 ESTI MATI ON OF NSPS | MPACTS
7.3.1 Approach to Inpacts Estimation

The NSPS w Il require control of all wastewater streans that
contain VOC s in excess of a specified trigger |level and, in sone
cases, that also have a streamflow rate above a specified
m ni mum val ue. Thus, the NSPS will require SOCM plants to
control sone wastewater streans that do not require control under
the HON or other air rules. Many of the plants that are affected
by the NSPS will also be affected by the HON and are anti ci pated
to be required to install a steamstripper for treating those
wast ewat er streanms regulated by the HON. In estimting cost
i npacts of the NSPS, EPA assuned that those plants affected by
the NSPS that are also affected by the HON woul d i ncrease the
capacity (or operating hours) of the steam stripper required
under the HON to handl e the additional wastewater streans that
woul d require control under the NSPS. The cost associated with
the NSPS for those plants is the difference in costs for two
steam strippers, one wth the capacity and operating hours to
handl e wastewater streans regul ated by the HON and the other with
the capacity and operating hours to handl e wastewater streans
regul ated by both the HON and the NSPS. Plants affected by the
NSPS that are not affected by the HON are assunmed to install a
new steam stripper to conply with the NSPS.
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The Agency evaluated two di fferent approaches for projecting
the results of the inpacts estimates for the SOCM data base to
nati onw de inpacts. In the first, nationw de inpacts are
estimated as an increnent to the inpacts previously calcul ated
for the HON. In the second approach, nationw de inpacts are
estimated based on the ratio of the total quantity of wastewater
generated by the facilities in the SOCM data base and the total
quantity of wastewater generated nati onw de by SOCM plants. The
anal yses were conpleted for 5 regulatory alternatives under
consideration as a basis for the NSPS. Each alternative is
defined by a specified action level defined in terns of a VO
concentration and streamflow. Al wastewater streans having a
VO concentration and streamflow at or above the action |evel
woul d be subject to an NSPS based on that alternative. In
addi tion, under each alternative, streanms with a VO concentration
above a specified maxi num | evel also would be subject to the rule
regardl ess of the streamflow rate. Action levels for each of
the 5 regulatory alternatives are listed in Table 7-1.
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Table 7-1. NSPS Regulatory Alternatives

Alternative VO Concentration Flow Rate Maximum VO
No. (ppmw) Cutoff Concentration®
(Ipm) (Ppmw)

Baseling’

1 1,000 10 10,000

2 800 5 10,000

3 500 1 10,000

4 100 1 10,000

5° 0 0

& Wastewater streams with a VO content above this level must be controlled regardless of
flow rate.

® Basdlineisthelevel of control that would be applied to new sources without the NSPS.

¢ Alternative 5 istotal industry control (i.e., control all wastewater streams).

7.3.2 Results of lnmpacts Estinmation
7.3.2.1 |Increnental approach based on HON i npacts. Under
this approach, nationw de inpacts for the NSPS are estimated as

an increnment applied to the HON i npacts that were estimted as
part of the regul atory devel opnent effort in support of the HON
To obtain the increnental inpacts, an analysis consisting of
three steps was perfornmed as foll ows:

1. Usi ng the HON i npacts as a baseline, increnental em ssions
and cost inpacts for each of the five NSPS regul atory
alternatives were cal cul ated using the SOCM data base.

2. Usi ng the SOCM data base anal ysis, the percentage increase
in em ssion reductions and costs for each NSPS alternative
relative to the eni ssion reductions and costs for the HON
wer e cal cul at ed.

3. The percentage changes in em ssions and costs were applied
to the estinmated i ndustry-w de em ssions and costs for new
pl ants as calculated for the HON. (The HON i npacts for new
plants in the fifth year is estimated at 16 percent of the
total inpacts in the fifth year.)
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The results of steps 1 and 2 of this approach are presented in
Table 7-2. That table, based on anal yses of the SOCM data base,
shows the estimted VOC em ssion reduction and costs for
conplying with the HON and the VOC em ssion reductions and costs
of conplying with each of the five NSPS regul atory alternatives.
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Table 7-2. Emission Reductions and Costsfor HON and NSPS*

VOC Emission Total Annual Costs
Reductions (M g/yr) ($10°
Regulatory Per cent Per cent
Alternative HON NSPS Increase HON NSPS Increase
1 5,626 7,007 24.55% $5.32 $6.00 12.78%
2 5,626 7,112 26.41% $5.32 $6.18 16.17%
3 5,626 7,340 30.47% $5.32 $6.92 30.08%
4 5,626 7,589 34.89% $5.32 $8.29 55.83%
5 5,626 8,053 43.14% $5.32 $13.34 150.75%

*Based on SOCMI data base.

Table 7-3. Nationwide I mpacts of NSPS Options

Emission Cost
Regulatory Reduction Total Annual Effectiveness Incremental Cost
Alternatives (Malyr) Costs ($) ($M ) Effectiveness ($/M g)

1 14,534 $1,022,556 $70 -

2 15,635 $1,293,233 $83 $246

3 18,038 $2,406,015 $133 $463

4 20,655 $4,466,165 $216 $787

5 25,539 $12,060,150 $472 $1,555
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The percentage increase in both em ssion reduction and cost are
al so presented for each regulatory alternative.

The results of step 3 are presented in Table 7-3, which
shows cal cul ated nati onwi de VOC em ssion reductions and costs
attributable to the NSPS under each of the regul atory
alternatives. The basis for these nunbers is the estimted
nationw de fifth year inpacts estimted for the wastewater
portion of the HON which are as foll ows:

VOC em ssion reduction - 370,000 My/yr

Total annual cost - $50, 000, 000

Total capital Investnent - $140, 000, 000
Si xteen percent of these estimated total nati onw de em ssion
reductions and cost are attributable to new sources of em ssions
constructed during the first 5 years of the rule. Fifth year
i npacts of the NSPS were estimted by escal ating the new source
i npacts for the HON by the cal cul ated fractional increases shown
in Table 7-2.

Equation 1 is an exanple calculation for estimating the
em ssion reduction associated with regulatory alternative 1 using
t he above st eps.

E, = 0.16 x 370,000 x 0.2455 = 14,534 Mglyr (1)

Wer e:
E = em ssion reduction (Regulatory alternative 1 in Table 7-
3),

0.16 = percentage of estimated total HON em ssions reduction
attri butable to new sources,

370,000 = Estimated nati onwi de em ssion reducti on from wast ewat er
sources due to the HON, and

0. 2455 = Fractional increase in em ssion reduction for the NSPS
relative to the HON (Regul atory Alternative 1 in Table
7-2).
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Table 7-4. Emission Reductions and Costsfor NSPS Alter natives*
In the Fifth Year After Promulgation

Total
Controlled Fraction Emisson  Annual Cost Emission Red.
Regulatory Wastewater Wastewater Reductions Costs Effectiveness Per Unit Flow
Alternative  Flow (Ipm)  Controlled  (Mglyr) ($10° ($'Mq) (Mglyr/lpm)

1 1,309 0.043 1,382 0.696 $504 1.056
2 1,675 0.055 1,487 0.874 $588 0.888
3 3,221 0.105 1,714 1.609 $938 0.532
4 6,049 0.197 1,964 2.982 $1,518 0.325
5 20,289 0.661 2,428 8.165 $3,363 0.120

*Based on SOCMI data base.

Table 7-5. Nationwide I mpacts of NSPS Options
in the Fifth Year after Promulgation

Emission Cost
Regulatory Reduction Total Annual Effectiveness Incremental Cost
Alternatives (Malyr) Costs ($) ($'M ) Effectiveness ($M g)

1 11,678 $5,886,000 504 -

2 12,560 $7,385,000 588 1700

3 14,365 $13,474,000 938 3373

4 16,465 $24,994,000 1518 5486

5 20,399 $68,602,000 3363 11085
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7.3.2.2 \Wastewater flow rate approach. The results of the

i npacts estimtes using this approach for each of the five
regul atory alternatives are presented in Table 7-4. That table
shows the em ssion reduction estimated to be achi eved by each
regul atory alternative, the estimted total annual costs of
control for each regulatory alternative, and the cost
ef fectiveness of controlling em ssions under each alternative.
In addition, the quantity of wastewater controlled by each
alternative as well as the percentage of total wastewater flow
controll ed under each alternative are also cal culated. These
figures serve as part of the basis for projecting the results of
the SOCM data base analysis to nationw de inpacts. The em ssion
reduction per unit of controlled wastewater flow is al so shown.
Esti mates of nationw de inpacts of the NSPS use the
information in Table 7-4 (based on the analysis of the SOCM data
base) coupled with recent estimates of (1) industry growth over
the next five years and (2) the nationw de quantity of wastewater
generated by SOCM process units. As a part of the analysis of
the HON, ! separate estimates of the inpacts on new and exi sting
process units were devel oped. Estimation of the inpacts on new
facilities were based on estinmated industry growh. Based on
current economc trends in the industry, a figure of 3.5 percent
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per year was derived as an estinmate of growh over the next 5
years. 2

The nati onw de annual rate of wastewater generation at SOCM
facilities was estimated as a part of the analysis for the
Control Techni ques Guideline (CTG docunent for industrial
wastewater.® |n that docunent, the nati onw de wastewater flow
for the organic chemcals, plastics, and synthetic fibers (OCPSF)
i ndustry was estimated at 1,374,800 liters per mnute (lpnm.

El sewhere in the docunentation for that study,* it was estimted
that SOCM facilities account for about 99.5 percent of the OCPSF
i ndustry. The EPA assunes that these val ues represent conditions
within the SOCM for the purposes of the NSPS inpacts

cal cul ati ons.

Using the nationwi de flow estimates, the estimated industry
grow h, and the results of the analysis of the SOCM data base,
the EPA derived estinmates of the NSPS inpacts in the fifth year
after promulgation. At a growh rate of 3.5 percent per year,
the total growmh over 5 years would be approxinmately 18.8
percent. \When applied to the estimted nati onw de wast ewat er
flow of 1,374,800 I pm the increase in wastewater generation in
the fifth year is estimted as:

Q = 1,374,800 x 0.188 x 0.995 = 257,170 Ipm

Usi ng that value, the nationw de em ssion reduction for each
regul atory alternative is estimted using the foll ow ng equation:

E=Qxfqgxer

Vher e:

m
I

Esti mat ed annual nati onw de VOC em ssion reduction, (My/yr),

O
I

Estimated growth in wastewater generation in the first 5
years, (lpm,
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The fraction of wastewater requiring control under the NSPS
(from Table 7-4),

fa

er Annual VOC em ssions reduction per unit of flow (from

Table 7-4), (My/yr/lpn.
The nationw de costs of each regulatory alternative are estimated
as the product of the em ssion reduction and the cost
ef fectiveness cal culated for each alternative as presented in
Table 7-4. Both the estimated em ssion reductions and esti mated
costs of each regulatory alternative are presented in Table 7-5.
7.3.2.3 Conbined results. The two approaches to estimating

inpacts yield wdely different nati onw de inpacts and cost
effectiveness for the 5 regulatory alternatives. The Agency's
goal in pursuing two approaches was to have two sets of results
that would be mutually supportive of one another. That goal was
not achi eved al t hough the Agency believes that both approaches
are legitimate nmeans of estimating inpacts. Because the Agency
did not identify a sound basis for selecting one set of estimates
over the other, rather than discard one set of results, the
Agency chose to average the results of the two approaches. Table
7.6 presents the cal cul ated averages for nationw de em ssion
reduction and total annual costs of the two approaches. Cost-
effectiveness, in units of $/ My are also shown in that table.

Al'l of the nationw de cost figures in Table 7-6 include the
estimated cost associated with the reporting and recordkeepi ng
burden that would be inposed by a regulation. That cost was
estimated to be $859,436 as described in the Information

Col | ecti on Request and supporting statenment for the rule.®

Esti mated total annual capital cost of each regul atory
alternative over the first five years of the rule were al so

cal cul ated as the average of the values derived by each of the
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Table 7-6 Estimated NSPS Impacts Based on Averaging

Average Cost

Effectiveness

Regulatory Emission Reduction (Mg/yr) Total Annual Costs ($)
Alternative ~ SOCMI  HON  Average SOCMI HON Average ($/Mg)

1 11,678 14,534 13,106 $6,745,000 $1,882,000 $4,313,500 $329

2 12,560 15,635 14,097 $8,244,000 $2,153,000 $5,198,500 $369

3 14,365 18,038 16,202  $14,333,000 $3,265,000 $8,799,000 $543

4 16,465 20,655 18,560 $25,853,000 $5,326,000 $15,589,500 $840

5 20,399 25,539 22,969 $69,461,000 $12,920,000 $41,190,500 $1,793

Table 7-7 Total Capital Costs Based on Averaging of Two Methods

Regulatory Fifth Year Capital Costs ($)

Alternative SOCMI HON Average
1 $1,901,941 $3,218,880 $2,560,411
2 $2,432,128 $4,114,880 $3,273,504
3 $4,285,258 $7,250,880 $5,768,069
4 $8,087,457 $13,684,160 $10,885,809
5 $23,769,213 $34,126,400 $28,947,807

two approaches. These costs are presented in Table 7.7.

I n both approaches to inpacts estimation, the cost analysis
assunmes a m x of individual plant costs dependi ng on whether or
not a plant is affected by both the NSPS and the HON or is
affected only by the NSPS. The plant by plant cost analysis for
plants in the SOCM data base indicate that the average NSPS
conpliance costs for plants installing a new steam stripper are
approximately a factor of 3 higher than the costs for plants that
use the sane steam stripper for conpliance with both the HON and
the NSPS. The analysis also shows that approximately 12 percent
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of plants would need to install new steam strippers to conply
wi th the NSPS.
7.4 OTHER ENVI RONMENTAL AND ENERGY | MPACTS

Sone adverse effects on air quality and other environnental
medi a and i ncreased energy requirenents are associated with the
use of em ssion control devices such as steam strippers to
control em ssions from wastewater operations. |npacts associated
with air quality and other nedia include em ssions of NQ and CO
and the generation of solid waste and water pollution. This
section presents a brief discussion of estinmated environnental
and energy inpacts associated with steam stripping wastewat er
streans. The discussion is based on the anal ysis undertaken in
devel opnent of the HON’, which is briefly summarized here.
7.4.1 Secondary Air Pollution |Inpacts

Secondary air inpacts associated wth steam stripping can
occur fromtwo sources: (1) conbustion of fossil fuels for steam
and electricity generation, and (2) handling or conbustion of
recovered organics. The analysis for the HON assunmed proper
handl i ng of recovered organics by either recycling to the process
or by conbustion. The inpacts of off-site electricity generation
were not estimated in the analysis and, as a result, the
cal cul at ed secondary air inpacts are associated only with the
generation of steamfor the steam stripping operations. Based on
i ndustry-w de average fuel usage, secondary air pollution inpacts
were estimated for both NQ and CO.

7.4.2 Qher Inpacts
Steam stripping al so has inpacts on ot her environnental

medi a and on energy consunption. Follow ng are brief discussions
of these other inpacts.
7.4.2.1 Water Pollution Inpacts. Steamstrippers renove

organics fromwastewater, thus inproving the quality of
wast ewat er being discharged to a wastewater treatnent plant or
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POTW Therefore, their use has an overall positive inpact on
wat er pol | ution.

7.4.2.2 Solid and Hazardous Waste Inpacts. Solid and
hazardous waste can be generated fromrecovered organics, solids

renmoval, and control systemvent em ssions. Additional solid
waste may be generated in situations where systemvent em ssions
are collected on sorbent nedia that are not regenerated. For the
NSPS, solid waste inpacts are estimated to be negligible.

7.4.2.3 Energy Inpacts. Fossil fuel used to generate steam

for steam stripping systens can reduce avail abl e nonregenerabl e
resources such as coal, oil and natural gas. The inpacts are
partially offset if recovered organics are recycled or used as
suppl enent al f uel

7.4.3 |npacts Estimates

For the purpose of estimating secondary environnental and
energy inpacts for the NSPS alternatives, it was assuned that the
secondary environnental and energy inpacts are directly
proportional to the em ssion reduction achieved using the steam
stripping control options. Using the analysis fromthe HON, the
magni t ude of each secondary inpact per unit of em ssion reduction
was cal cul ated. These values were then used to cal cul ate
secondary environnental and energy inpacts of the NSPS
alternatives. Estimated inpacts for the HON are as follows:’

I Carbon nonoxi de em ssions 100 My/ yr

I NQ em ssions 800 My/yr

I Electricity usage 13 x 10° kw hr/yr
I Natural gas usage 3 x 10° Btu/yr

I St eam usage 3,000 x 10° Btu/yr.

These figures are used to derive a value for the magnitude of
each inpact per unit of em ssion reduction by dividing each by
the estimated total em ssion reduction of 370,000 My/yr. The
resulting val ues are:

I Carbon nonoxi de em ssions .00027 My/yr
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I NQ em ssions . 00216 My/ yr

! Electricity usage . 0000351 x 10° kw hr/yr
' Natural gas usage 3.00000811 x 10° Btu/yr
I Steam usage . 00811 x 10° Btu/yr.

Nati onwi de i npacts for the NSPS alternatives are obtained by
mul ti plying the unit inpact values by the estimated em ssion
reduction for each alternative as estimated in Table 7-6. The
results of these calculations are provided in Table 7-8.

Table 7-8. Other Environmental and Energy | mpacts
in the Fifth Year after Promulgation

Carbon Electricity Natural Gas

Regulatory Monoxide Nitrogen Usage Usage Steam Usage
Alternative (Mglyr) Oxides(Malyr) (10° Kw-hr/yr)  (10° Btulyr) (10° Btu/yr)

1 3.53 28.23 0.459 0.106 105.85

2 3.80 30.36 0.493 0.114 113.87

3 4.38 35.02 0.569 0.131 131.33

4 5.01 40.11 0.652 0.150 150.41

5 6.20 49.59 0.806 0.186 185.96

7.5 REFERENCES

1. U.S. Environnental Protection Agency, Ofice of Air Quality
Pl anni ng and Standards. Hazardous Air Pol | utant Em ssions
fromProcess Units in the Synthetic Organic Chem ca
Manuf acturing I ndustry -- Background Information for
Proposed Standards Vol une 1A, 1B, and 1C. Research Triangle
Park, NC. Novenber 1992.

2. Reference 1. Volune 1A: National |npacts Assessnent. p. 5-
3.
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Wast ewat er. Research Triangle Park, NC. Appendix B. Draft.
Sept enber 1992.

Menmor andum from Cri s Bagl ey, Radian, to Penny Lassiter,
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Wastewater CTG " April 4, 1991.
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Envi ronnmental Protection Agency, Research Triangle Park, NC
April 1994.
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8.0 ENHANCED MONI TORI NG

The 1990 Clean Air Act Amendnents require that new EPA
regul ations include nonitoring strategies that incorporate the
concepts of enhanced nonitoring. The purpose of enhanced
monitoring is to provide a neans for mmjor sources to denonstrate
that the affected facility is in continuous conpliance with the
standards. Enhanced nonitoring requirenents are intended to
ensure that nonitoring data can be used both to determ ne
conpliance with each applicable standard and to determ ne the
exi stence of enforceable violations.

The preferred inplenentati on of enhanced nonitoring is the
use of a continuous em ssion nonitor system (CEMS). However,
there are cases where CEMS are not technically feasible or
economcally practical. In those cases, the EPA s approach is
generally to require the continuous nonitoring of specified
operating paraneters that are established as being directly
related to em ssion control performance. This chapter discusses
enhanced nonitoring as it applies to the NSPS for SOCM
wast ewat er .

8.1 ENHANCED MONI TORI NG FOR CONTROL DEVI CES

The EPA considered three nonitoring options for control
devices: (1) the use of CEMS to nmeasure total VOC, (2) the use
of CEMS for surrogate conpounds such as total hydrocarbons (THC
as surrogate for total VOC, and (3) the continuous nonitoring of
control device operating paraneters. The first two of these
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options were found not to be reasonable alternatives for this
rule.

Al t hough continuous em ssion nonitors for total VOC are
currently available, they are not universally applicable within
the SOCM wast ewat er source category. Existing CEVMS for total
VOC operate either by flame ionization detection (FID),
phot oi oni zati on detection (PID), non-dispersive infrared (ND R)
absorption, or other detection principles that respond to VOC
levels. In nost cases, VOC nonitors provide only a neasure of
the rel ative concentration of a m xture of organics rather than
guantification of organic species.! This characteristic leads to
the use of VOC CEMS as a relative indicator of em ssions rather
than as a conventional em ssions nmonitor. VOC CEMS would only
provide a quantitative neasure of em ssions in situations where
total VOC is represented by a single chem cal conmpound or
conpounds that generate equal responses by the nonitoring
instrunment. Such situations are unlikely at SOCM process units.
SOCM wastewaters generally have nmultiple chem cal constituents
at variable concentrations, thus, even CEMS that use gas
chromat ography, which are normally not usable if the nunber of
or gani ¢ conpounds exceeds five, may not be appropriate for this
application.? In light of these considerations, the
i npl enentation of CEMS to neasure VOC em ssions were determ ned
to be unreasonable costly. This conclusion is reinforced by
denonstrations that have shown paranetric nonitoring to be |ess
costly than CEMS but equally effective in indicating continuous
conpliance. Consequently, owners, or operators that use contro
devi ces such as incinerators or condensers to conply with the
proposed standards nmay use CEMS where applicable to denonstrate
conti nuous conpliance, if they find it reasonable to do so.
However, paraneter nonitoring is also all owed.

Tenperature is an acceptabl e paraneter to nonitor for both
i ncinerators and condensers. |Incinerator nonitoring would
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measure the conbustion zone tenperature in thermal incinerators
or the tenperature upstream and downstream of the catal yst bed in
catalytic incinerators. Condenser nonitoring would involve
tenperature nonitoring of the vapor exhaust stream

Because CEMS are generally not applicable for determ ning
conpliance for many SOCM wast ewat ers, and because there
generally is a control device paraneter such as tenperature that
is a suitable indicator of control device performance, and
because tenperature nonitors are much | ess costly than CEMsS,
paranmeter nonitoring is judged to be the nost appropriate neans
of denonstrating conpliance with the control device standards.
In many cases, such nonitoring does not inpose any additional
burden on the owner or operator because may operating paraneters
are already routinely nonitored for other purposes. To
denonstrate continuous conpliance, a control device nmust maintain
paraneter values wthin the ranges that represent conpliance.
These ranges are established during an initial performance.

8.2 MONI TORI NG OF WASTEWATER TREATMENT DEVI CES

The primary techni que by which owners and operators are
expected to conply with the SOCM wastewater NSPS is by treating
the wastewater with a steamstripper followed by a contro
device. Regulatory provisions in the NSPS descri be design and
operating characteristics of a steamstripper. These design and
equi pnent standards require the installation, calibration,
operation, and mai nt enance of continuous nonitors in accordance
w th manufacturers specifications. The nonitors are required to
continuously record: (1) the mass rate of wastewater entering
the stripper, (2) the mass rate of steamentering the stripper,
and (3) the wastewater colum feed tenperature. Acceptable
val ues for these paranmeters, indicating proper operation of the
treatnent device, are established during the initial perfornmance
test or according to design specifications in the regul ation.
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These paraneters are routinely nonitored in the industry to
ensure proper operation of the steamstripper. Therefore,

conti nuous conpliance for a steamstripper is assured w thout any
addi ti onal enhanced nonitoring burden on the industry.

8.3 ENHANCED MONI TORI NG OF TANKS

Em ssion controls for tanks are based on the use of covers,
whi ch is an equi pnent requirenment rather than a performance
standard. In sone situations, the use of a fixed roof on a tank
may be adequate and in other cases a floating roof vented to a
control device may be needed. Wen tanks are vented to an
external control device, enhanced nonitoring of the control
device may be required as discussed above. There are, however,
no continuous or enhanced nonitoring alternatives for either
fixed or floating roofs. Tank nonitoring requirenents include
initial and periodic inspections coupled wi th adequate equi pnent
mai nt enance.

8.4 ENHANCED MONI TORI NG OF CONTAI NERS

The control of em ssions fromcontainers is based on the use
of covers and the use of a subnerged fill pipe for container
| oadi ng. These control techniques are equi pment requirenments
rat her than performance standards. Consequently, there are no
enhanced nonitoring alternatives for containers.

8.5 ENHANCED MONI TORI NG OF CLOSED VENT SYSTEMS

Monitoring requirenents for closed vent systens includes an
initial performance test to ensure that the systemis maintained
under negative pressure. This is followed by nonthly inspections
to confirmthat all openings in the systemthat were cl osed
during the performance test remain cl osed.

To ensure continuous conpliance with the NSPS requirenents
for no detectabl e | eaks, closed vent systens are nonitored
initially with a portable hydrocarbon detector. After that,
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nmoni toring consists of annual visual inspections of ductwork,
pi pi ng, covers, and connections for evidence of visible defects.
There are al so requirenents for pronpt repair of any defects
f ound.
I f the closed vent systemincludes a bypass line, a flow
i ndi cator nust be installed, calibrated, maintained, and operated
in accordance with manufacturer's instructions to provide a
record of em ssion point gas streamflow at | east once every 15
m nutes. Alternatively, bypass lines may be sealed is a cl osed
position and visually inspected to ensure that they are
mai ntained in the closed condition.
8.6 REFERENCES
1. Perf ormance specification 101 - Performance Specifications
for Volatile O ganic Conpound Conti nuous Em ssion Mnitoring

Systens in Stationary Sources, 58 FR 54693, Cctober 22,
1993.

2. Perf ormance Specification 102 - Performance Specification
for Gas Chromat ographi ¢ Conti nuous Em ssion Mnitoring
Systens in Stationary Sources, 58 FR 54694, Cctober 22,
1993.
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9.0 CONTRCL COST ESTI MATES

This chapter presents a brief discussion of the procedures
used to estimate the nationw de inplenentation costs of an NSPS
for SOCM secondary sources. Cost inpacts include total capital
costs, total annual costs, and average cost effectiveness (i.e.,
the cost per megagram of pollutant renoved). Average cost
effectiveness is conputed by dividing the national annual cost by
the national em ssion reductions relative to baseline. Cost
estimates for controlling em ssions fromwastewater operations
are based on facility-w de control because this is general
i ndustry practice. The costs of wastewater treatnent are based
on the use of steam strippers. Steam stripping systens contain
several conponents including feed tank, heat exchanger, steam
stripping columm, condenser, overheads receiver, and an em ssion
control device. As has been discussed el sewhere in this BID, the
i npacts of the NSPS are cal cul ated as an increnment to the inpacts
cal cul ated for the HON and steam stripping costs are cal cul ated
as the difference between the cost of a steamstripper with the
capacity to handle the wastewater streans that require contro
under the HON and a stripper with the higher capacity needed to
treat the conbi ned wastewater streans that require treatnent
under either the HON or the NSPS. Designing and costing steam
strippers to handle nultiple wastewater streans at a facility
provi des an econony of scale conpared to the control of
i ndi vi dual wastewater streanms. A brief summary of the approach
to designing and costing a steamstripping systemis presented
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here. Details of the procedures can be found in the BID for the
HON. *
9.1 STEAM STRI PPER DESI GN

Steam stripping systens are designed in several different
configurations depending on a nunber of site-specific
ci rcunst ances. However, the conponents of nbst systens are
fairly uniformand include a feed tank, a feed/ bottons heat
exchanger, steam stripping colum, vent |ines, condenser system
and ancillary punps. The follow ng paragraphs present a brief
description of the conponents of a steam stripping system
Addi tional design details are available in the BID for the HON. 2

9.1.1 Feed tank

A controll ed sewer system or hard piping between the point
of generation and the feed tank can be used to prevent air
em ssions fromwastewater prior to a steam stri pping operation
The feed tank, which is covered and vented to a control device,
serves to collect and condition wastewater for conveyance to the
steam stripper. Feed tanks are sized to provide the retention
time needed to allow for variations in wastewater stream fl ow
rate and to allow for any needed conditioning of the wastewater.
Feed tanks are al so used for phase separati on when the waste
stream consi sts of both organic and aqueous phases and in these
cases nust provide adequate retention time for phase separation
to occur. Solids tend to settle out in the feed tank and are
renmoved by periodic cl eaning.

9.1.2 Steam stripper

Fromthe feed tank, wastewater is punped through the
feed/ bottons heat exchanger where it is preheated by the heated
ef fl uent stream and then punped into the top of the steam
stripping colum. Steamis sparged into the stripper at the
bott om of the colum. Uncondensed steam and vapori zed organics
flow out the top of the colum and the effluent |eaving the
bottomis punped through the feed/ bottons heat exchanger to heat
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the feed stream The cooled effluent nmay be routed to a
wast ewat er treatnment plant or discharged to a permtted outfal
or a publicly owned treatnent works (POTW.

9.1.3 Emssions control

Steam stri pper systens include vent lines to transport
gaseous organi cs, water vapor, and noncondensabl es between system
el ements such as the stripper columm and recovery devi ce,
recovery device and feed tank, and feed tank and conbustion
device. All vent lines are controlled by either a conbustion
devi ce or product recovery device. Conbustion device
alternatives include thermal or catalytic incinerators, flares,
boil ers, or process heaters. Product recovery devices include
condensers, carbon adsorbers, or absorbers. Openings in the
steam stri pper systemfor pressure relief, venting, or
mai nt enance access are seal ed unless in use.

9.1.4 Product recovery

Product recovery froma steamstripper is normally achieved
by a condenser system In sonme cases, a secondary, refrigerated
condenser is needed to increase recovery efficiency. Recovered
organics are either recycled to the process or conbusted in an
i ncinerator, boiler, or process heater. Noncondensibles in the
stripper overhead are routed to a control device such as a carbon
adsor ber, boiler, process heater, or incinerator.

9.1.5 Stripper efficiency

The efficiency with which a steam stri pper renoves organic
conpounds froma wastewater streamis highly dependent on the
volatility of the individual organic conpounds and nay range from
O to nore than 99 percent. Renoval performance al so depends on
the degree of contact between the steam and wastewater. The
degree of contact is determ ned by the design and operating
paraneters of the systemsuch as: (1) the height and dianeter of
the columm; (2) the selection of either trays or packing as the
contacting nedia; and (3) operating paraneters such as steamto-
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feed ratio, colum tenperature, and wastewater pH  Renova
efficiency of a steamstripper is |ower for wastewater streans
W th organic concentrations below a threshold of about 50 to 100
ppm  Above that threshold, efficiency is relatively constant but
declines rapidly below the threshold. Steam stripper efficiency
is higher for chlorinated conpounds than for non-chlorinated
conpounds.

9.1.6 Applicability

Steam stripping is nost applicable to treating wastewaters

wi th organi c conpounds that are highly volatile and have a | ow
solubility in water. The VOC s that have low volatility tend to
volatilize less readily and thus are not easily stripped out of
the wastewater by steam Simlarly, VOC s that are very sol uble
in water tend to remain in the wastewater and al so are not easily
stripped out by steam (Q1l, grease, and solids content as well
as pH of a wastewater stream also affect the applicability of
steam stripping to a particular wastewater stream High | evels
of oil, grease, and solids often create operational problens for
the system and high or | ow pH may produce equi pnment corrosion.
Probl ens such as these can often be avoi ded by nodifications to
t he equi pnment design or by wastewater conditioning prior to
treat ment.
9.2 STEAM STRI PPER COSTS

This section presents a brief overview of the approach to
estimating steam stripper costs. Additional details of the
approach are available in the BID for the HON.?

9.2.1 Design considerations

A primary determ nant of steam stripper capital costs is the
size of the stripper which is a function of the design throughput
of the system and the design renoval efficiency. Colum dianeter
is a function of design throughput and colum height is a
function of design renoval efficiency. Steam stripper annual
costs are a function of the annual steamrequirenent which is a
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function of both the steamto-feed ratio and the annual
wast ewat er throughput. For highly corrosive wastewater streans,
capital costs may be increased because of the need to fabricate
the systemusing stainless steel rather than carbon steel.

9.2.2 Capital costs

Total capital investnent is calculated as the sumof the

pur chased equi pnment cost, direct installation costs, and indirect
installation costs. Purchased equi pnment costs is conprised of
the cost of basic equipnent, auxiliary piping and equi pnent,
instrunmentation, freight, and taxes. Direct installation costs
i nclude such elenents as electrical wiring, insulation, equipnent
support and erection, and equi pnment painting. Indirect
installation costs include engineering, construction and field
expense, construction fee, start-up and testing, and contingency.
Total capital investnent may al so i nclude costs for buildings,
off-site facilities, land, working capital, and yard
i nprovenents. Equations for estimating the capital costs of the
vari ous conmponents of a steam stripping systemand for estimating
the total capital investnent of a systemare described in the BID
for the HON

9.2.3 Annual costs

Total annual cost is the total of all costs incurred to

operate the steam stripper systemover an entire year and include
both direct and indirect charges. D rect annual costs consist of
normal operating expenses such as utilities, |abor and

mai nt enance activities. Indirect operating costs include

over head and capital recovery, which is cal cul ated based on a
projected operating |ife of the equipnment and anti ci pated
interest rates. Were organic materials are recovered fromthe
steam stripping systemand a benefit is derived, total annual
costs are adjusted downward by the val ue of the recovered
materials. |If no cost-effective use can be nade for the
recovered organics, an additional disposal cost nmay be incurred.
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Factors for estimating direct and indirect annual costs and the

capital recovery factor are presented in the BID for the HON

9.3
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Appendi x A
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Chem cal Nane? CAS Nunber”
Acenapht hene 83329
Acet al 105577
Acet al dehyde 75070
Acet al dol 107891
Acet am de 60355
Acet ani |l i de 103844
Acetic acid 64197
Acetic anhydri de 108247
Acet oacet ani | i de 102012
Acet one 67641
Acet one cyanohydrin 75865
Acetonitrile 75058
Acet ophenone 98862
Acetyl chloride 75365
Acet yl ene 74862
Acetyl ene tetrabrom de

Acrol ein 107028
Acryl am de 79061
Acrylic acid 79107
Acrylonitrile 107131
Adi pic acid 124049
Adi ponitrile 111693
Al cohols, C 11 or lower, mxtures ---
Al cohols, C 11 or higher, m xtures ---
Alizarin 72480
Al kyl ant hraqui nones 008

Al kyl napht hal ene sul f onat es
Al kyl napht hal enes



Chem cal Nane?

CAS Nurber”

Al lyl al cohol

Al lyl brom de

Al lyl chloride

Al lyl cyani de

Al um num acet ate

Al um num f or mat es

Am nobenzoic acid (p-)

Am noet hyl et hanol am ne

Am nophenol sulfonic acid
Am nophenol (p-)

Am no 3, 4, 6-trchl orophenol
Ammoni um acet ate
Ammoni um t hi ocyanat e

Anyl ene

Anyl enes, m xed

Anyl acetates

Anyl al cohol (n-)
Anyl al cohol (tert-)

Anyl al cohol s (m xed)
Anyl chloride (n-)
Anyl chlorides (m xed)
Anyl et her

Anyl mer capt ans

Anyl phenol
Anyl am nes

Ani | i ne

Ani |'i ne hydrochl oride
Ani si di ne (0-)
Ani si di ne (p-)

107186

107051
109751

1321115
111411
0010
123308
123308

513359
628637,
123922

71410
71410
71410
543599

110667
1322061
110587
62533
142041
90040
29191524



Chem cal Nane?

CAS Nurber”

Ani sol e

Ant hr acene
Anthranilic acid
Ant hr aqui none
Azobenzene
Bari um acet ate
Benzal dehyde
Benzam de
Benzene

Benzenedi sul fonic acid
Benzenesul fonic acid

Benzenesul fonic acid Cy.6-al kyl

derivatives, sodiumsalts

Benzi di ne

Benzi |

Benzilic acid
Benzoguanam ne
Benzoic acid
Benzoin
Benzonitrile
Benzophenone
Benzotrichl ori de
Benzoyl chloride
Benzoyl peroxide
Benzyl acetate
Benzyl al cohol
Benzyl benzoate
Benzyl chloride
Benzyl dichloride
Benzyl am ne

100663
120127
118923

84651
103333

100527
55210
71432
98486
98113

68081812

134816
76937

65850
119539
100470
119619

98077

98884

140114
100516
120514
100447

98873
100469



Chem cal Nane?

CAS Nurber”

Benzyl i deneacet one

Bi phenyl

Bi sphenol A

Bi s( Chl or onet hyl ) Et her

Br onet one

Br onbbenzene

Br onmof or m

Br onmonapht hal ene

But adi ene (1, 3-)

But adi ene and butene fractions
But ane

But anes, m xed

But anedi ol (1, 4-)

But enes, m xed

1- But ene

2- But ene

Butyl acetate (n-)

Butyl acetate (sec-)

Butyl acetate (tert-)
Butyl acrylate (n-)

Butyl al cohol (n-)

Butyl al cohol (sec-)

Butyl al cohol (tert-)
Butyl benzoate

Butyl chloride (tert-)
Butyl hydroperoxide (tert-)
Butyl mercaptan (n-)

Butyl mercaptan (tert-)
Butyl methacrylate (n-)
Butyl methacrylate (tert-)

92524
80057
542881

108861
75252
27497514
106990

106978

110634
106989
25167673
123864

141322
71363
78922
75650

75912



Chem cal Nane?

CAS Nurber”

Butyl phenol (tert-)
Butyl toluene (tert-)
Butyl am ne (n-)
Butyl am ne (s-)
Butyl am ne (t-)
But yl benzene (tert-)

But yl benzoic acid (p-tert-)
But yl benzyl phthal ate
Butyl ene glycol (1, 3-)

Butyl enes (n-)
2-Butyne- 1, 4-di ol
But yr al dehyde (n-)
Butyric acid (n-)

Butyric anhydride (n-)

But yr ol acet one
Butyronitrile

Cal ci um acet ate

Cal ci um propi onat e
Caproic acid
Capr ol act am

Car bar yl

Car bazol e

Car bon di sul fide

Car bon tetrabrom de
Carbon tetrachl oride
Carbon tetrafluoride
Cel l ul ose acetate
Chl or al

Chl or ani |

Chl oroacetic acid

109739
13952846
75649

98737
85867
107880

110656
123728
107926
106310

96480
109740

105602
63252
86748
75150

558134
56235
75730

9004357
75876

79118



Chem cal Nane?

CAS Nurber”

Chl or oacet ophenone (2-)
Chloroaniline (m)

Chl oroaniline (0-)

Chl oroaniline (p-)

Chl or obenzal dehyde

Chl or obenzene

Chl or obenzoi c acid

Chl or obenzotri chl ori de

Chl or obenzotri chl ori de

Chl or obenzoyl chlori de
Chl or obenzoyl chlori de
2- Chl oro- 1, 3- but adi ene
Chl or odi f | uor oet hane
Chl or odi f | uor onet hane
2- Chl or o- 4- (et hyl am no)

(0-)

(p-)

(0-)
(p-)
(Chl oroprene)

-6-

(1 sopropylam no)-S-triazi ne

Chl or of | uor ocar bons

Chl orof orm

Chl or ohydrin

Chl or onapht hal ene

Chl oroni trobenzene (m)
Chl oroni tr obenzene (o0-)
Chl oroni tr obenzene (p-)
Chl or ophenol (m)

532274
108429
95512
106478
35913098
108907
118912,
535808,
74113
2136814,
2136892,
5216251
2136814,
2136892,
5216251
1321035
1321035
126998
25497294
75456
1912249

67663

25586430
121733
88733
100005
108430



Chem cal Nane?

CAS Nurber”

Chl or ophenol (o0-)
Chl or ophenol (p-)
Chl orosul fonic acid
Chl or ot ol uene (m)
Chl or ot ol uene (o0-)
Chl or ot ol uene (p-)

Chl orotrifluoroethyl ene

Chlorotrifl uoromet hane
Chol i ne chl ori de
Chrysene

G nnam c acid

Ctric acid

Cobalt acetate

Copper acetate

Cresol and cresylic acid (m)

Cr esol
Cr esol

and cresylic acid (0-)
and cresylic acid (p-)

Cresols and cresylic acids (m xed)

Cr ot onal dehyde
Crotonic acid

Cunmene

Cumene hydr oper oxi de
Cyanam de
Cyanoacetic acid
Cyanof or mam de
Cyanogen chl ori de
Cyanuric acid
Cyanuric chloride
Cycl ohexane

Cycl ohexane, oxidi zed

95578
106489
7790945
108418
95498
106434

75729

218019

77929

108394
95487
106445
1319773
4170300
3724650
98828
80159

372098

506774
108805
108770
110827
68512152



Chem cal Nane?

CAS Nurber”

Cycl ohexanol

Cycl ohexanone

Cycl ohexanone oxi nme

Cycl ohexene

Cycl ohexyl am ne

Cycl ooct adi ene

Cycl ooct adi ene (1, 3-)

Cycl ooct adi ene (1, 5-)

Cycl opent adi ene (1, 3-)

Cycl opr opane

Decahydr onapht hal ene

Decanol

Decyl al cohol

Di acet one al cohol

Di acet oxy-2-Butene (1, 4-)

Di al Iyl isophthal ate

D ally phthal ate

Di am nobenzoi ¢ aci ds

Di am nophenol hydrochl ori de
Di br ononet hane

Di but ani zed aromatic concentrate
D but oxyet hyl phthal ate

Di chloroaniline (m xed isoners)
Di chl or obenzene (p-)

Di chl or obenzene (m)

Di chl or obenzene (0-)

Di chl or obenzidine (3,3 -)

1, 4- Di chl or obut ene

3, 4-Di chl or o- 1- but ene

Di chl or o- 2- but enes

A-10

108930
108941
100641
110838
108918
29965977
111784
111784

75194
91178
112301

123422
0012

27576041
137097
74953

27134276
106467
541731
95501
91941
110576

64037543



Chem cal Nane?

CAS Nurber”

Di chl or odi f| uor onet hane

Di chl or odi net hyl si | ane

Di chl or oet hane (1, 2-) (Ethylene dichloride) (EDC)
Di chl oroet hyl ether (bis(2-chloroethyl)ether)
Di chl or oet hyl ene (1, 2-)

Di chl or of | uor onet hane

Di chl orohydrin (a-)

Di chl or onmet hyl et her

Di chl oroni trobenzenes

Di chl or opent anes

Di chl or ophenol (2, 4-)

Di chl or opropane (1, 1-)

Di chl or opropene (1, 3-)

Di chl or opr opene/ di chl or opr opane (m xed)
Di chl orotetrafl uoroet hane

Di chl oro- 1-butene (3, 4-)

Di chl oro- 2-butene (1, 4-)

Di cyani di am de

Di cycl ohexyl am ne

Di cycl opent adi ene

D et hanol am ne (2,2'-1m nodi et hanol)

Di et hyl phthal ate

D ethyl sulfate

D et hyl am ne

Diethylaniline (2,6-)

Diethylaniline (N, N)

D et hyl benzene

D et hyl ene gl ycol

D et hyl ene gl ycol dibutyl ether

Di et hyl ene gl ycol diethyl ether

A-11

75718

107062
111444
540590
75434
96231

120832

542756

1320372
760236
764410

101837

111422

64675
109897
579668

25340174
111466
112732
112367



Chem cal Nane?

CAS Nurber”

D et hyl ene gl ycol dinethyl ether

D et hyl ene gl ycol nonobutyl ether acetate
Di et hyl ene gl ycol nonobutyl ether

Di et hyl ene gl ycol nonoethyl ether acetate
Di et hyl ene gl ycol nonoet hyl ether

Di et hyl ene gl ycol nonohexyl ether

D et hyl ene gl ycol nononet hyl ether acetate
Di et hyl ene gl ycol nononet hyl ether

Di fl uoroet hane (1, 1-)

D - n- heptyl -n-nonyl undecyl phthal ate

Di hydr oxybenzoi ¢ acid (Resorcylic acid)

Di i sobutyl ene

Di i sodecyl phthal ate

Di i sononyl phthal ate

Di i sooctyl phthal ate

Di i sopropyl am ne

D ket ene

D net hyl acet am de

Di et hyl benzidine (3,3 -)

D net hyl et her

D net hyl formam de (N, N-)

D net hyl hydrazine (1, 1-)

D net hyl phthal ate

D net hyl sulfate

D net hyl sul fide

D net hyl sul f oxi de

D net hyl terephthal ate

D net hyl am ne

D net hyl am noet hanol (2-)

D nethylaniline (N, N)

A-12

111966
124174
112345
112152
111900
112594
629389
111773

75376

27138574
25167708
26761400
28553120
27554263

674828

119937
115106
68122
57147

77781
75183
67685
120616
124403
108010
121697



Chem cal Nane?

CAS Nurber”

Di ni t robenzenes (NOS)C

Di ni trobenzoic acid (3,5-)

Di ni trophenol (2,4-)

Dinitrotol uene (2, 3-)

Dinitrotol uene (2,4-)

Dinitrotol uene (2, 6-)

D nitrotol uene (3,4-)

D octyl phthal ate

D oxane (1,4-) (1,4-D ethyl eneoxi de)
Di oxol ane (1, 3-)

D phenyl nethane

D phenyl oxi de

Di phenyl thiourea

D phenyl am ne

Di propyl ene gl ycol

D (2- et hoxyet hyl) phthal ate

D - o-tol yguani di ne

Dodecandedi oi ¢ aci d

Dodecene (branched)

Dodecene (n-)

Dodecyl benzene (branched)

Dodecyl benzene, nonli near

Dodecyl benzene sul fonic acid

Dodecyl benzene sul fonic acid, sodiumsalt
Dodecyl mer capt an (branched)

Dodecyl phenol (branched)

Dodecyl ani |'i ne

Dodecyl benzene (n-)

Dodecyl phenol

Epi chl orohydrin (1-chl oro-2, 3-epoxypropane)

A-13

25154545
99343
51285

121142
606202

117817
123911
646060
101815
101848
102089
122394
110985

97392
693232

25378227

123013
27176870
25155300

121158585
28675174
121013
27193868
106898



Chem cal Nane? CAS Nurber”

Et hane

Et hanol 64175
Et hanol am ne 141435
Et hyl acetate 141786
Et hyl acetoacetate 141979
Et hyl acryl ate 140885
Et hyl benzene 100414
Et hyl brom de 74964
Et hyl chl oride (Chl oroet hane) 75003
Et hyl chl oroacetate 105395
Et hyl cyani de 107120
Et hyl et her 60297
Et hyl hexanol (2-) 104767
Et hyl mer capt an

Et hyl orthoformate 122510
Et hyl oxal ate 95921
Et hyl sodi um oxal acet ate 41892711
Et hyl am ne 75047
Et hyl aniline (n-) 103695
Et hyl aniline (o0-) 578541
Et hyl cel | ul ose 9004573
Et hyl cyanoacet at e 105566
Et hyl ene 74851
Et hyl ene carbonate 96491
Et hyl ene chl orohydrin 107073
Et hyl ene di brom de (D bronoet hane) 106934
Et hyl ene di chl ori de 107062
Et hyl ene gl ycol 107211
Et hyl ene gl ycol diacetate 111557
Et hyl ene gl ycol dibutyl ether 112481

A-14



Chem cal Nane?

CAS Nurber”

Et hyl ene gl ycol diethyl ether (1, 2-diethoxyethane)

Et hyl ene gl ycol dinethyl ether
Et hyl ene gl ycol nopnoacetate

Et hyl ene gl ycol nonobutyl ether
Et hyl ene gl ycol nonobutyl ether
Et hyl ene gl ycol nonoet hyl ether
Et hyl ene gl ycol nonoet hyl ether
Et hyl ene gl ycol nonohexyl ether
Et hyl ene gl ycol nononet hyl ether
Et hyl ene gl ycol nononet hyl ether
Et hyl ene gl ycol nonooctyl ether
Et hyl ene gl ycol nonophenyl ether
Et hyl ene gl ycol nonopropyl ether
Et hyl ene oxi de

Et hyl enedi am ne

Et hyl enedi am ne tetraacetic acid
Et hyl eni m ne (Aziridine)

2- Et hyl hexanol

Et hyl hexanoi ¢ acid

Et hyl hexyl acrylate (2-isoner)
2- Et hyl hexyl al cohol

(2- Et hyl hexyl) am ne

Et hyl hexyl succinate (2-)

Et hyl et hyl benzene

6- Et hyl -1, 2, 3, 4-t et rahydro-9, 10-
ant racenedi one

Fl uor ant hene

For mal dehyde

For mam de

Formc acid

acetate

acetate

acetate

A-15

629141
110714
542596
112072
111762
111159
110805
112254
110496
109864
002
122996
2807309
75218
107153
60004
151564
104767

103117
104767
104756

25550145
15547178

206440
50000
75127
64186



Chem cal Nane?

CAS Nurber”

Fumaric acid

Fur f ur al

d ut ar al dehyde

d ycer al dehyde

d ycerol

Ad ycerol dichlorohydrin

A ycerol tri(pol yoxypropyl ene) et her

d yci do

d yci ne

d ycol ethers

d yoxal

Guani di ne

Guanidine nitrate

n- Hept ane

Hept enes
Hexachl or obenzene
Hexachl or obut adi ene
Hexachl or ocycl opent adi ene
Hexachl or oet hane
Hexadecyl al cohol
Hexadecyl chlori de
Hexadi ene (1, 4-)
Hexamet hyl enedi am ne
Hexanet hyl ene di am ne adi pate
Hexanet hyl ene gl ycol
Hexamet hyl enet et ram ne
Hexane

Hexanetriol (1,2,6-)
2-Hexenedinitrile
3-Hexenedinitrile

A-16

110178
98011
111308
367475
56815
26545737
25791962

56406

107222

142825
118741
87683

67721
36653824
592450
124094
3323533
629118
100970
110543
106694
13042029
1119853



Chem cal Nane?

CAS Nurber”

Hexyl al cohol

Hexyl ene gl ycol

Hi gher gl ycols

Hydr ogen cyani de

Hydr oqui none

Hydr oxyadi pal dehyde
Hydr oxybenzoi c acid (p-)
| m nodi et hanol (2, 2-)
| soanyl al coho

| soanyl chloride (m xed)
| soanyl ene

| sobut ane

| sobut anol

| sobutyl acetate

| sobutyl acryl ate

| sobut yl al cohol

| sobutyl nethacryl ate
| sobutyl vinyl ether

| sobut yl ene

| sobut yral dehyde

| sobutyric acid

| sodecanol

| sodecyl al cohol

| sohexyl decyl al cohol
| sononyl al cohol

| sooctyl al cohol

| sopent ane

| sophor one

| sophorone nitrile

| sophthalic acid

A-17

74908
123319
141311

99967

26760645
75285
78831

110190
106638

115117
78842
79312

25339177
25339177

26952216
78784
78591

0017
121915



Chem cal Nane?

CAS Nurber”

| soprene

| sopr opanol

| sopropyl acetate
| sopropyl chloride
| sopropyl ether

| sopropyl am ne

| sopr opyl phenol

Ket ene

Lactic acid

Lauryl di net hyl am ne oxi de
Lead acetate

Lead phthal ate
Lead subacetate

Li near al cohols, ethoxylated, m xed
Li near al cohols, ethoxylated and sul f ated,

salt, m xed

Li near al cohols, sul fated, sodiumsalt,

Li near al kyl benzene

Li near al kyl sul fonate
Magnesi um acet at e
Mal ei ¢ acid
Mal ei ¢ anhydri de
Mal ei ¢ hydrazi de
Malic acid
Manganese acetate
Mel am ne

Mercuric acetate
Mesityl oxide
Metanilic acid

78795
67630
108214
75296

75310
25168063
463514

123013

142723
110167
108316
123331
6915157

108781

141797
121471



Chem cal Nane?

CAS Nurber”

Met hacrylic acid

Met hacrylonitrile

Met hal I 'yl al coho

Met hal 'yl chl ori de

Met hane

Met hanol

Met hi oni ne

Met hyl acetate

Met hyl acetoacetate

Met hyl acryl ate

Met hyl anthranil ate

Met hyl brom de (Brononet hane)
Met hyl but enol s

Met hyl but ynol

Met hyl chl ori de (Chl or onet hane)
Met hyl et hyl ketone (2-butanone)
Met hyl formate

Met hyl hydrazi ne

Met hyl i odi de

Met hyl i1 sobutyl carbinol

Met hyl isobutyl ketone (Hexone)
Met hyl isocyanate

Met hyl mercapt an

Met hyl net hacryl ate

Met hyl phenyl car bi nol

Met hyl salicylate

Met hyl tert-butyl ether

Met hyl am ne

Met hyl aniline (N-)

ar - Met hyl benzenedi am ne

A-19

79414
126987

563473

67561
63683
79209
105453
96333

74839

37365712
74873
78933

107313
60344
74884

108112

108101

624839
74931
80626
98851

1634044
74895
100618
25376458



Chem cal Nane?

CAS Nurber”

Met hyl but anol (2-)
Met hyl cycl ohexane
Met hyl cycl ohexanol
Met hyl cycl ohexanone

Met hyl ene chl oride (D chl oronet hane)
Met hyl ene dianiline (4,4 -isoner)
Met hyl ene di phenyl diisocyanate (4,4'-) (M)

Met hyl i onones (a-)

Met hyl napht hal ene (1-)

Met hyl napht hal ene (2-)

Met hyl pent ane (2-)

Met hyl pent ynol

1- Met hyl - 2- pyrrol i done

Met hyl styrene (a-)

Met hyl - 1- pentene (2-)
Mononet hyl hydr azi ne

Mor phol i ne

Napht hal ene

Napht hal ene sulfonic acid (a-)
Napht hal ene sul fonic acid (b-)
Napht heni ¢ aci ds

Napht hol (a-)

Napht hol (b-)

Napht hol sul fonic acid (1-)

Napht hyl am ne sul fonic acid (1, 4-)
Napht hyl am ne sul fonic acid (2,1-)

Napht hyl am ne (1-)
Napht hyl am ne (2-)

1- Napht hyl - N- net hyl car bamat e
Neohexane

108872
25639423
1331222
75092
101779
101688
79696

107835
77758
872504
98839

91203
85472
120183

90153
135193
567180

84866

81163
134327

91598



Chem cal Nane?

CAS Nurber”

Neopent anoi ¢ aci d
Neopentyl gl ycol

Ni ckel formate
Nitriloacetic acid
Nitrilotriacetic acid
Nitroaniline (m)
Nitroaniline (0-)
Nitroaniline (p-)

Ni t roani sole (0-)

Ni t roani sole (p-)

Ni t robenzene

Ni t robenzoic acid (m)
Ni t robenzoic acid (o0-)
Ni t robenzoic acid (p-)
Ni t r obenzoyl chloride (p-)
Ni t r oet hane

Ni t r oguani di ne

Ni t r omet hane

Ni t r onapht hal ene (1-)
Ni t rophenol (p-)

Ni t rophenol (o0-)

Ni t ropropane (1-)

Ni t ropropane (2-)

Ni trotoluene (all isoners)
Ni trot ol uene (0-)

Ni trotoluene (m)

Ni trot ol uene (p-)

Ni t roxyl ene

Nonene

Nonyl al cohol

A-21

75989

99092
88744
100016
91236
100174
98953
27178832
27178832
27178832

79243

75525
86577
100027
88755
25322014
79469
1321126
88722
99081
99990
25168041
27215958
1430808



Chem cal Nane?

CAS Nurber”

Nonyl benzene (branched)

Nonyl phenol

Nonyl phenol (branched)

Nonyl phenol , et hoxyl at ed

N- Vi nyl - 2-pyrrolidine

Cct ane

Cct ene-1

Cctylam ne (tert-)

Cct yl phenol

O | -sol ubl e petrol eum sul fonate
O | -sol ubl e petrol eum sul fonate
Oxalic acid

Oxam de

Oxo chem cal s

Par af or mal dehyde

Par al dehyde

Pent achl or ophenol

Pent aeryt hritol
Pentaerythritol tetranitrate
Pent ane

Pent anet hi ol

Pent anol (2-)

Pent anol (3-)

Pentene (1-)

Pent ene (2-)

Pent enes, m xed
3-Pentenenitrile

Peracetic acid

Per chl or onet hyl nercapt an
Phenacetin

cal ci um sal t
sodi um sal t

A-22

1081772
25154523

9016459

111660

27193288

30525894
123637
87865
115775

109660
115775

109671
109671
109671
4635874
79210
594423



Chem cal Nane?

CAS Nurber”

Phenant hr ene

Pheneti di ne (o0-)

Pheneti di ne (p-)

Phenol

Phenol pht hal ei n
Phenol sul fonic acids (all isoners)
Phenyl anthranilic acid (all isomners)
Phenyl enedi am ne (n)

Phenyl enedi am ne (0-)

Phenyl enedi am ne (p-)

1- Phenyl et hyl hydroperoxide
Phenyl met hyl pyrazol one
Phenyl pr opane

Phl or ogl uci nol

Phosgene

Pht halic acid

Pht hal i ¢ anhydri de

Pht hal i m de

Pht hal onitrile

Picoline (a-)

Picoline (b-)

Picramc acid

Picric acid

Pi per azi ne

Pi peri di ne

Pi peryl ene

Pol ybut enes

Pol yet hyl ene gl ycol
Pol ypr opyl ene gl ycol

A-23

85018
94702
156434
108952
77098
1333397
91407

106503
3071327

103651
108736
75445
88993
85449
85416
91156

108996

110850

9003296,

25036297
25322683
25322694



Chem cal Nane?

CAS Nurber”

Pot assi um acet at e

Pr opane

n- Pr opanol

Propi ol act one (beta-)

Pr opi onal dehyde

Propionic acid

Propyl acetate (n-)

Propyl al cohol (n-)

Propyl chloride

Propyl am ne

Propyl ene

Propyl ene car bonat e

Propyl ene chl orohydrin

Propyl ene dichloride (1, 2-dichl oropropane)
Propyl ene gl ycol

Propyl ene gl ycol nononet hyl ether
Propyl ene oxi de

Pseudocunene

Pseudocum di ne

Pyrene

Pyri di ne

Pyrrolidone (2-)

p-tert-Butyl toluene

Qui none

Resor ci no

Salicylic acid

Sebacic acid

Sodi um acet at e

Sodi um benzoat e

Sodi um car boxynet hyl cel |l ul ose

A-24

74986

57578
123386
79094

71238
540545
107108
115071
108327
127004

78875

57556
107982

75569

129000
110861

98511
106514
108463

69727

127093
532321
9004324



Chem cal Nane? CAS Nurber”

Sodi um chl or oacet at e 3926623
Sodi um cyani de 143339
Sodi um dodecyl benzene sul fonate

Sodi um f or mat e 141537
Sodi um net hoxi de 124414
Sodi um oxal at e

Sodi um phenat e 139026
Sodi um propi onat e

Sorbic acid 110441
Sor bi t ol 50704
Stil bene 588590
Styrene 100425
Succinic acid 110156
Succinonitrile 110612
Sulfanilic acid 121573
Sul f ol ane 126330
Synt hesi s gas

Tannic acid 1401554
Tartaric acid 526830
Terephthalic acid 100210
Ter apht hal oyl chl ori de

Tet rabr onopht hal i ¢ anhydri de 632791
Tetrachl orobenzene (1, 2, 3,5-)

Tetrachl orobenzene (1, 2,4,5-) 95943
Tetrachl oroethane (1,1, 2, 2-) 79345
Tetrachl or oet hyl ene (Perchl oroet hyl ene) 127184
Tetrachl oropht hal i ¢ anhydri de 117088
Tetraet hyl |ead 78002
Tet raet hyl ene gl ycol 112607
Tet r aet hyl enepent am ne 112572

A- 25



Chem cal Nane?

CAS Nurber”

Tet raf | uor oet hyl ene

Tet r ahydr of ur an

Tet r ahydr onapt hal ene

Tet r ahydr opht hal i ¢ anhydri de
Tet r amet hyl enedi am ne
Tetra (nmethyl-ethyl) | ead
Tet r anmet hyl et hyl enedi am ne
Tet ranet hyl | ead

Thi ocar bani | i de

Thi our ea

Tol i di nes

Tol uene

Tol uene 2,4 di am ne

Tol uene 2,4 diisocyanate

Tol uene dii socyanates (m xture)
Tol uene sul fonam des (o- and p-)

Tol uene sul fonic acids
Tol uenesul fonyl chloride
Tol ui di ne (0-)

Tri br onmonet hane

Trichl oroacetic acid
Trichloroaniline (2,4,6-)
Tri chl or obenzene (1, 2, 3-)
Tri chl or obenzene (1, 2, 4-)
Tri chl or obenzene (1, 3, 5-)
Trichl oroethane (1,1, 1-)

Trichl oroet hane (1,1,2-) (Vinyl

Tr
Tri chl or of | uor onet hane
Tri chl or ophenol (2,4, 5-)

chl or oet hyl ene

trichloride)

109999
119642

85438
110601
110189

75741
102089

108883
95807
584849
26471625
1333079
104154
98599
95534
75252

634935
87616
120821
108703
71556
79005
79016
75694
95954



Chem cal Nane?

CAS Nurber”

Tri
(1,
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri
Tri

Tri

chl or opropane (1, 2, 3-)

1,2-) Trichloro (1,2,2-) trifluoroethane
cresyl phosphate

decyl al cohol

decyl nercaptan

et hanol am ne

et hyl am ne

et hyl ene gl ycol

et hyl ene gl ycol dinethyl ether
et hyl ene gl ycol nonoet hyl ether
et hyl ene gl ycol nononet hyl ether
i sobutyl ene

mellitic anhydride

met hyl pent anol

nmet hyl am ne

met hyl cycl ohexanol

met hyl cycl ohexanone

i met hyl cycl ohexyl am ne

i met hyl ol propane

i met hyl pentane (2, 2, 4-)

i met hyl -1, 3-pentanediol (2,2,4-)

propyl ene gl ycol

Ur ea

< £ < £ < <

nyl acetate

nyl chl oride (Chloroethyl ene)

nyl toluene

nyl cycl ohexene (4-)

nylidene chloride (1, 1-dichloroethylene)
nyl (N-)-pyrrolidone(2-)

nyl pyri di ne
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96184
76131

102716
121448
112276
112492
112505
112356
7756947

75503
933482
2408379
34216347
77996
540841

24800440
57136
108054
75014
25013154
100403
75354
88120



Chem cal Nane? CAS Nunber”
Xant hat es 140896
Xyl ene sulfonic acid 25321419
Xyl enes ( NGCS) € 1330207
Xyl ene (m) 108383
Xyl ene (o0-) 95476
Xyl ene (p-) 106423
Xyl enols (M xed) 1300716
Xyl enol (2, 3-) 1300716
Xyl enol (2, 4-) 1300716
Xyl enol (2, 5-) 1300716
Xyl enol (2, 6-) 1300716
Xyl enol (3, 4-) 1300716
Xyl enol (3, 5-) 1300716
Xyl i dene 1300738
Xyl i dene (2, 3-) 1300738
Xyl idene (2, 4-) 1300738
Xyl i dene (2,5-) 1300738
Xyl i dene (2,6-) 1300738
Xyl i dene (3,4-) 1300738
Xyl idene (3,5-) 1300738

Zinc acetate

dl sonmer neans all structural arrangements for the sane
nunber of atons of each el enent and does not nean salts,
esters, or derivatives.

bcAS Nunmber = Chenical Abstract Service nunber.

CNCS = not ot herw se specified.
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